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An elastic sheath designed to surround a conventional non-compliant angioplasty balloon. The elastic sheath incorporates a failure
control mechanism that forces the sheath to fall concurrently with failure of the underlying angioplasty balloon. The elastic sheath
ruptures rapidly and concurrently when the underlying balloon fails in an abrupt manner, with the rupture of the elastic sheath
occurring over a relatively large area to significantly reduce the risk of damage to the adjacent vasculature.
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non-compliant angioplasty balloon. The elastic sheath incorporates a

failure control mechanism that forces the sheath to fail concurrently
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with failure of the underlying angioplasty balloon. The elastic sheath
ruptures rapidly and concurrently when the underlying balloon fails in
an abrupt manner, with the rupture of the elastic sheath occurring over
a relatively large area to significantly reduce the risk of damage to the
adjacent vasculature.
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CATHETER BALLOON WITH CONTROLLED FAILURE SHEATH

FIELD OF THE INVENTION

This invention relates generally to the field of balloons for balloon catheters,

more particularly to such balloons incorporating controlled failure mechanisms, and
methods of making such balloons.

BACKGROUND

In transiuminal angioplasty, a dilatation catheter having a balloon on the distal
end Is routed through the vascular system to the location of a stenotic lesion within a
coronary artery. Following placement of the balloon across the lesion, a fluid is
introduced into the proximal end of the catheter and is used to inflate the balloon to
a predetermined relatively high pressure whereby the lesion is compressed into the
vessel wall restoring patency to the previously occluded vessel. Catheter balloons
can also be used to deliver and deploy balloon-expandable stents at the location of
such lesions in order to maintain patency at the opened lesion.

In conventional stent-deploying balloon catheters, the balloon is typically
made of essentially non-compliant material, such as nylon or polyethylene
terephthalate (PET). Such non-compliant material exhibits little expansion in
response 1o increasing levels of inflation pressure. Because the non-compliant
material has a limited ability to expand, the uninflated balloon must be made
sufficiently large that, when inflated, the balloon has sufficient working diameter to
compress the stenosis and open the artery. However, a large profile non-compliant
balloon can make the catheter difficult to advance through the patient's narrow
vasculature because, in an uninflated condition, such balloons form flat or pancake-
shaped "wings” which extend radially outward. Consequently, the wings of an
uninflated balloon are typically all folded in the same circumferential direction to
create a low profile configuration for introduction and advancement through the
vessel. The wings are again produced upon deflation of the balloon following stent
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deployment within the patient. These wings on the deflated balloon are undesirable
because they result in an increased balloon profile which can complicate
withdrawing the catheter after stent deployment.

Expansion of such balloons that have been folded into a low profile
configuration for introduction into the patient can cause non-uniform expansion of a
stent mounted on the balloon. Likewise, non-uniform expansion can result in
difficulty in using these previously folded balloons for opening stenotic lesions.

The non-uniform expansion of conventional designs has resulted in the use of
an elastic sleeve around the balloon and under the stent to distribute force from the
expanding folded balloon to the stent uniformly. Additionally, such an elastic sleeve
can encourage the inflated balloon to deflate into a wingless compact profile. See,
for example, U.S. Patent 5,116,318 to Hillstead.

Various controlled failure mechanisms are described previously for catheter
balloons; see, for example, US Patent 6,375,637 to Campbell et al.

Catheter balloons that are reinforced with fibers are also known: see, for
example, US Patent 4,706,670 to Andersen et al. While these fibers incorporated
into the wall of a catheter balloon in addition to the overall material of the balloon
wall results in a balloon having two dissimilar materials in its construction {(i.e., two
materials of different elastic modulus), the two materials do not provide a failure
mechanism due to the uniformity of the two materials used in close proximity about
the entire surface area of the balloon.

Typical non-compliant balloons have shown that at relatively high pressures,
pinhole leaks may form which may create a high velocity jet of inflation fluid capable
of damaging the adjacent blood vessel when it impinges on the vessel wall. Thus it
Is desirable for the balloon to be fabricated in such a way that it exhibits a controlled
mode of failure, i.e., a rapid rupture so that the pressure is released over a larger
area, thereby reducing the risk of damage to the adjacent vessel wall. However if
the non-compliant balloon is surrounded by an elastic sheath, a pinhole leak or a
rapid rupture of the underlying balloon causes the elastic sheath to rapidly expand in
an unpredictable manner. This rapid, unpredictable expansion of the elastic sheath

can potentially damage the vasculature, inhibit deflation and compromise the normal
removal of the catheter.
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SUMMARY OF THE INVENTION

The present invention is an improved elastic sheath designed to surround a
conventional non-compliant angioplasty balloon. The improved sheath incorporates
a failure control element that forces the sheath to fail concurrently with an underlying
8 balloon. In particular the elastic sheath of the present invention ruptures rapidly and

concurrently when the underlying balloon fails in an abrupt manner.
In a preferred embodiment, the elastic sheath includes an embedded,

relatively inelastic component. Particularly preferred is an embedded, longitudinally

12 oriented strip of relatively inelastic material having a different elastic modulus than

h that of the elastic sheath (e.g., a strip of ePTFE). The presence of the inelastic

component provides a discontinuity in the compliant character of the elastic sheath.
thereby providing a strain discontinuity in the sheath. This strain discontinuity allows

16 the elastic sheath to fail by rupture (i.e., by tearing) over a significant length or area,
thereby allowing the balloon pressure to be relieved over the larger area. This
reduces the risk of damage to the vasculature as opposed to failures of balloon
materials occurring over small areas (e.g., pinholes) that direct the relieved pressure

20 to a very small area of the vasculature, resulting in significant damage to blood

vessel walls.

24 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of a catheter assembly of the present invention,
showing a distal balloon and elastic sheath portion including a controlled

28 faillure mechanism.
Figure 2 is a partial longitudinal cross-sectional view of a catheter assembly,

showing various portions of the catheter along with wall sections of a balloon

and surrounding elastomeric sheath.
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Figure 3 is a partial side-view of a catheter assembly depicting a balloon and elastic
sheath in an inflated state, wherein the elastic sheath includes a controlled
faillure mechanism integral to the wall of the sheath.

Figure 4 is a partial side view of the balloon and elastic sheath of Figure 3 having
failed by rupture.

Figure 5A is a transverse cross sectional view of an elastic sheath that includes an
embedded inelastic strip.

Figure 5B is a transverse cross sectional view of an elastic sheath that includes a
longitudinally oriented thinner notch of thickness engineered to fail at a pre-
determined pressure.

Figure 6 is a process flow chart listing the general steps used in the fabrication of a
controlled failure sheath according to the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of a catheter assembly 20 including a proximal
hub assembly 22 coupled to a catheter body 24. The catheter shaft 24 terminates at
a distal catheter tip 26. Immediately proximal to the catheter distal tip 26 is a balloon
portion 28.

Figure 2 is a partial cross-sectional view of the catheter assembly 20 including
a catheter 24 having a distal guidewire port 30. A guidewire lumen extends from the
distal port 30 throughout the length of catheter 24 and terminates proximally at the
hub port 32. Similarly, an inflation lumen has a distal port 34 terminating at the
proximal hub port 36. Shown within the balloon portion 28, in longitudinal cross
section for clarity of the underlying components, is balloon 38, surrounded by an
elastic sheath 40. Elastic sheath 40 is shown attached to the distal end of catheter
24 by attachment means 42 such as an adhesive-coated wrapping of porous
expanded polytetrafluoroethylene (hereinafter ePTFE) film 42. Attaching means
may be provided in various ways known to those of skill in the art of balloon
catheters, including adhesives, fiber wraps, film wraps, metal compression clamps,
etc. Attaching means may also be radiopaque for convenient visualization of the



12

16

20

24

28

32

CA 02658553 2009-01-21
WO 2008/0210235 PCT/US2007/017372

location of the balloon within the vasculature. The proximal end of elastic sheath 40
IS similarly attached to the catheter shaft 24 by attaching means 44.

The elastic sheath 40 has a relative high degree of longitudinal strength and
has a relatively low degree of radial strength. The longitudinal strength prevents the
folding of the sheath 40 during introduction into a hemostatic valve. The sheath 40
can be comprised of a suitable underlying ePTFE scaffold that is coated or imbibed
with an elastomer. As an alternate, an elastomeric tube that incorporates high
strength fibers, oriented along the tube longitudinal axis, may be used.

Figure 3 is a partial side-view of a catheter assembly 20 showing balloon
portion 28 in an inflated state. Attached to, and more preferably embedded within
elastomeric sheath 40, is a controlled failure mechanism in the form of a strip 48, as
will be further described.

Figure 4 is a side view of a partial catheter assembly 20 including a catheter
shaft 24 and attached elastic sheath 40 that has failed by rupture, indicated by the
longitudinally oriented tear or rupture 52 through the wall of elastic sheath 40. The
rupture 52 follows and is aligned to the controlled failure strip 48. Ruptured balloon
54 is visible through tear 52 in the wall of elastic sheath 40. When balioon 54 failed
due to excessive inflation pressure, controlled failure of elastic sheath 40 resulting in
the large tear 52 occurred immediately.

Figure BA is a transverse cross sectional view of an elastic sheath 40 that
includes an embedded inelastic strip 48. This embodiment is shown with the
optional, preferred outer covering of an ePTFE tube 50.

As noted previously, the material of the inelastic embedded strip has a
different elastic modulus from that of the elastic sheath. The difference may be
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100% or more.

Alternate controlled failure mechanisms can include various "stress-risers"
that are incorporated into the wall of the elastic sheath, for example notches or
reliefs that are cut, extruded or otherwise formed into the sheath wall. Figure 5B is a
transverse cross sectional view of an elastic sheath that includes one or more
longitudinally oriented thinner notches 41 of thickness engineered to fail at a pre-
determined pressure. It is apparent that there are various ways to achieve similar
tallure mechanisms by including a weaker portion in the tubular elastic sheath 40.
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To minimize the effect of a "pin-hole" leak in the underlying balloon, the
elastomeric sheath can incorporate small diameter holes to allow the pressure to
gradually bleed off.

Figure 6 is a process flow chart listing the general steps used in the
fabrication of a preferred controlled failure sheath. The following paragraphs detail
each step:

1) A tube of ePTFE is placed over a mandrel. The longitudinally extruded and
expanded tube has a relative high degree of longitudinal strength and has a
relatively low degree of radial strength. Such a tube will therefore expand radially
and resist longitudinal extension. The sleeve is preferably a tube with a thin wall, for
example a wall less than 0.025mm. The tube wall thickness can range from about
0.008mm to about 0.38mm. Therefore the wall can have a thickness of about
0.008mm, about 0.010mm, about 0.013mm, about 0.015mm, about 0.018mm, about
0.020mm, about 0.023mm, about 0.025mm, about 0.028mm, about 0.0.030mm,
about 0.033mm, about 0.035mm and about 0.038mm or greater. A preferred range
of the tube wall thickness is from about 0.008mm to about 0.025mm, with a most
preferred range of about 0.01mm to about 0.016mm.

The outer diameter of the tube can range from about 0.5mm to 10mm or

- greater. For example the tube can have an outer diameter of about 0.5mm, about

0.6mm, about 0.7mm, about 0.8mm, about 0.9mm, about 1.0mm, about 1.2mm.
about 1.4mm, about 1.6mm, about 1.8mm, about 2mm, about 3mm, about 4mm,
about Smm, about 6mm, about 7mm, about 8mm, about Smm and about 10mm or
greater. The tube outer diameter has a preferred range of about 0.5mm to about
omm, with a most preferred range of about 1mm to about 1.5mm.

A typical tube length is about 25cm and can be any length compatible with the
subsequent dipping process and desired balloon length. The mandrel is preferably
slightly undersized to the tube inner diameter. For example, a tube with an outer
diameter of about 1mm with a wall thickness of about 0.020mm will have an inner
diameter of about 0.06mm. A slightly undersized mandrel will therefore have an
outer diameter of about 0.05mm. After placing the tube onto the mandrel, the tube
can be hand smoothed to remove any wrinkles. One end of the tube can protrude

over one end of the mandrel and the overhanging tube end can be twisted to help
secure the tube onto the mandrel.



12

16

20

24

28

32

CA 02658553 2011-02-28

WO 2008/021025 PCT/US2007/017372

An alternate embodiment of a tube that has a relative high degree of
longitudinal strength and has a relatively low degree of radial strength is an
elastomeric tube that incorporates high strength fibers that are oriented along the
tube longitudinal axis.

2) The mandrel and surrounding tube are then dipped and imbibed into an
elastomer solution. Any suitable elastomeric dispersion can be used. A typical
suitable solution comprises BioSpan ® (segmented polyurethane, 24% +2% solids
content; from PTG Medical LLC, part number FP70001, Berkeley CA 94710), diluted
with dimethylacetamide (DMAC; from Sigma-Aldrich, part number D5511, St. Louis
MO) . The elastomer solution is preheated to about 40-80°C in an appropriately
sized test tube. The preheat temperature and preheat times as well as the solution
solids content can be varied as required. The test tube with the preheated solution is
then fixtured into a dipping fixture. The dipping fixture is comprised of a servo-
driven, vertical cross-head with a clamping device suited to clamp and hold the
mandrel in a vertical position (with the wrapped end of the tube pointing down). The
servo-driven cross-head then descends and progressively submerges the mandrel
and tube into the elastomer solution. A typical descent rate is about 0.1 to
2cm/second. About 15cm of the tube is submerged and held in the submerged
position for a dwell time of about 10 to 90 seconds. The cross-head is then raised
with an ascent rate of about 0.1 to 2cm/second until the lower end of the mandrel
and tube is removed from the elastomeric solution and test tube. Descent and
ascent rates as well as dwell times can be varied to control the amount of elastomer
Imbibed and coated onto the tube.

3) The mandrel with the dipped tube are then removed from the dipping
fixture and placed into an air convection oven. The mandrel with the dipped tube is
then pre-cured at about 50-80°C for about 1 to 3 minutes.

4) The mandrel and tube are then re-dipped and imbibed according to the
previous step 2).

5) The mandrel and dipped tube are then pre-cured according to the previous
step 3).

6) The controlled failure strip is then added to the exterior of the dipped tube.
A preferred failure strip is pf ePTFE. While these may be created in a variety of
ways, one method involves providing a second tube of ePTFE. According to
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previous step 1 this second ePTFE tube is flattened onto a cutting surface. The
flattened tube is then cut longitudinally using a razor or any other suitable slitting
means. By slitting the flattened tube with three, longitudinal and parallel cuts, four
strips of material are formed, each strip having two layers of material and each strip

having the same approximate width. The cut width of each strip can range between

about 0.2 to about 0.5 of the tube outer diameter. For example for a tube having an
outer diameter of about 1mm, a slit tube controlled failure strip can have a width
ranging from about 0.2mm to about 0.5mm. The mandrel and dipped tube from step
S) Is then placed onto a compliant mat, for example a Berkshire UltraSeal 3000, part
number US 3000.0909.8, from Berkshire Corp. MA. The compliant mat prevents
densification of the ePTFE tube during the subsequent placement operation. The
slit tube controlled failure strip is then positioned onto the exterior of the dipped tube.
With slight hand tension, the controlled failure strip is oriented parallel to the tube
longitudinal axis and is placed into contact with the dipped tube. The elastomer on
the dipped tube has only been pre-cured and has a tacky surface, allowing retention
of controlled failure strip onto the dipped tube.

7) The mandrel, dipped tube and attached controlled failure strip are then re-
dipped and imbibed according to the previous step 2).

8) The mandrel, dipped tube and controlled failure strip are then pre-cured
according to the previous step 3).

9) The mandrel, dipped tube and attached controlled failure strip are then re-
dipped and imbibed according to the previous step 2).

10) The mandrel, dipped tube and controlled failure strip are then removed
from the dipping fixture and placed into an air convection oven. The mandrel,
dipped tube and controlled failure strip are then final-cured at about 50-80°C for
about 45 to about 90 minutes. The resulting elastomeric tube forms a sheath that is
radially expandable, resists longitudinal stretching and contains a controlled failure
mechanism that is integral to the tube wall. The controlled failure mechanism is
therefore in the form of a stress riser that is incorporated into the elastomeric sheath.
Since the majority of the tube wall material is comprised of the elastomeric material
(first material), the controlled failure mechanism is therefore comprised of a second
Material that is different than the first material.
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11) The final cured tube/sheath from previous step 10) is then removed from
the mandrel, and cut to a length that is approximately equal to the length of the
desired balloon. A typical balloon length consists of a balloon "body", two opposing
balloon "tapered ends" and two opposing balloon "legs." The overall cut length of
the cured elastomeric sheath should be sufficient to cover the balloon body, both
tapered ends and at least a portion of the two balloon legs.

12) The elastomeric sheath is then inverted. Since the elastomeric layers
were built up on the external surface of the starting ePTFE thin walled tube, the
inner surface of the sheath has a lubricious, primarily ePTFE surface. By inverting
the sheath, the lubricious surface is now on the exterior of the sheath.

13) The inverted elastomeric sheath is then placed over a folded angioplasty
balloon. A catheter having a folded and compacted non-distensible balloon is
iInserted into an introducer sheath. The conventional introducer sheath has on the
proximal end a hemostatic valve and a flushing port/valve. The balloon can be
advanced through the hemostatic valve and positioned within the introducer sheath
near the distal end (of the sheath). One end of the inverted elastomeric sheath is
then placed over the distal end of the introducer sheath. The elastomeric sheath
can then be clamped and sealed onto the introducer sheath by the use of a
conventional Tuohy-Borst compression fitting. The other end of the elastomeric
sheath can then be closed and sealed by the use of a conventional hemostatic
locking clamp. Once the elastomeric sheath is affixed and sealed to the introducer
sheath, an inflating fluid can be injected into the introducer inflation port. Since the
balloon catheter shaft is sealed by the hemostatic valve and the elastomeric sheath
IS closed and sealed to the introducer sheath, the inflating pressure will cause the
elastomeric sheath to expand. After the elastomeric sheath is appropriately
expanded, the balloon can be advanced and inserted into the expanded elastomeric
sheath. The inflation pressure can then be bled-off, allowing the elastomeric sheath
to deflate and retract down upon the compacted balloon.

14) To secure the sheath to the balloon legs, a film wrapping and a UV
curable adhesive is applied to the ends of the elastomeric sheath. An ePTFE or any
other suitable thin film is wrapped under tension onto the ends of the elastomeric
sheath. The film wrapping compresses the elastomeric sheath down onto the



12

16

20

24

28

32

CA 02658553 2009-01-21
WO 2008/0210235 PCT/US2007/017372

balloon leg portions. A suitable UV curable adhesive is then applied onto the
wrapped film.

15) The covered balloon is then placed under a UV source to cure the
adhesive, resulting in a non-compliant balloon covered by a controlled failure
elastomeric sheath as generally shown in Figures 1, 2 and 3.

EXAMPLE

A preferred embodiment of a controlled failure elastomeric sheath covering a
non-elastic balloon is detailed in Example 1. This example follows the process flow
outlined according to Figure 5.

1) A tube of ePTFE was placed over a mandrel. The longitudinally extruded
and expanded tube had a relative high degree of longitudinal strength and had a
relatively low degree of radial strength. The tube therefore expanded radially and
resisted longitudinal extension. The ePTFE tube was extruded and expanded by
stretching in the direction of the longitudinal axis of the tube; it had a wall thickness
of about 0.013mm, an outer diameter of about 1.35mm, a mean fibril length of about
30 micrometers and was about 25cm long. This tube was placed over a mandrel
having an outer diameter of about 1.34mm. After the tube was placed onto the
mandrel, the tube was hand smoothed to remove any wrinkles. One end of the tube

protruded over one end of the mandrel and the overhanging tube end was twisted to
help secure the tube onto the mandrel.

2) The mandrel and surrounding tube was then dipped and imbibed into an
elastomer solution. A solution of BioSpan ® (segmented polyurethane, 24% +2%
solids content; from PTG Medical LLC, part number FP70001, Berkeley CA 94710)
which is diluted to about 12% (weight percent) solids content using
dimethylacetamide (DMAC,; from Sigma-Aldrich, part number D5511, St. Louis MO)
to about 12% (weight percent) solids content. This solution was preheated to about
60°C in 20cm long by 1.3cm diameter test tube. The test tube with the preheated
solution was then fixtured into a dipping fixture. The dipping fixture was comprised
of a servo-driven, vertical cross-head with a clamping device suited to clamp and
hold the mandrel in a vertical position (with the wrapped end of the tube pointing
down). The servo-driven cross-head then descended and progressively submerged
the mandrel and tube into the elastomer solution. The descent rate was about

10
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0.6cm/second. About 15cm of the tube was submerged and held in the submerged
position for a dwell time of about 30seconds. The cross-head was then raised with
an ascent rate of about 0.3cm/second until the lower end of the mandrel and tube
was removed from the elastomeric solution and test tube.

3) The mandrel with the dipped tube was then removed from the dipping
fixture and placed into an air convection oven. The mandrel with the dipped tube
was then pre-cured by being placed into an air convection oven set at about 65°C for
about 2 minutes.

4) The mandrel and tube were then re-dipped and imbibed according to the
previous step 2).

5) The mandrel and dipped tube were then pre-cured according to the
previous step 3).

6) The controlled failure strip was then added to the exterior of the dipped
tube. A second tube of ePTFE, according to previous step 1 was flattened onto a
cutting surface. The flattened tube was then cut longitudinally using a razor. .By
slitting the flattened tube with three, longitudinal and parallel cuts, four strips of
material were formed, each strip having two layers of material and each strip having
the same approximate width of about 0.5mm. The mandrel and dipped tube from
step 5) was then placed onto a compliant mat, for example a Berkshire UltraSeal
3000, part number US 3000.0909.8, from Berkshire Corp. MA. The compliant mat
prevented densification of the ePTFE tube during the subsequent placement
operation. The slit tube controlled failure strip was then positioned onto the exterior

of the dipped tube. With slight hand tension, the controlled failure strip was oriented
parallel to the tube longitudinal axis and was placed into contact with the dipped

tube. The elastomer on the dipped tube has only been pre-cured and had a tacky
surface, allowing retention of controlled failure strip onto the dipped tube.

7) The mandrel, dipped tube and attached controlied failure strip were then
re-dipped and imbibed according to the previous step 2).

8) The mandrel, dipped tube and controlied failure strip were then pre-cured
according to the previous step 3).

9) The mandrel, dipped tube and attached controlled failure strip were then
re-dipped and imbibed according to the previous step 2).

11
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10) The mandrel, dipped tube and controlled failure strip were then removed
from the dipping fixture and placed into an air convection oven. The mandrel, dipped
tube and controlled failure strip were then final-cured at about 65°C for about 1 hour.
The resulting elastomeric tube formed a sheath that was radially expandable,
resisted longitudinal stretching and contained a controlled failure mechanism that,
while being of a different material than the remainder of the tube wall, was
incorporated into the tube wall.

11) The final cured tube/sheath from previous step 10) was then removed
from the mandrel, and cut to a length that was approximately equal to the length of
the desired balloon. A typical balloon length consists of a balloon "body", two
opposing balloon "tapered ends" and two opposing balloon "legs." The overall cut
length of the cured elastomeric sheath should be sufficient to cover the balloon
body, both tapered ends and at least a portion of the two balloon legs. The
elastomeric sheath was cut to a length of about 90mm. This cut length was suitable
to cover a balloon having a length (body, tapered ends and leg portions) of about
90mm.

12) The elastomeric sheath was then inverted. Since the elastomeric layers
were built up on the external surface of the starting ePTFE thin walled tube, the
inner surface of the sheath had a lubricious, primarily ePTFE surface. By inverting
the sheath, the lubricious surface was now on the exterior of the sheath.

13) The inverted elastomeric sheath was then placed over a folded
angioplasty balloon. A balloon catheter, having a balloon of PET with an inflated
body diameter of about 8mm, a body length of about 40mm, shoulder lengths of
about 18mm (20° included angle), leg lengths of about 7mm and leg diameters of
about 1.4mm (from Advanced Polymers Inc., NH), was procured. The catheter and
the folded non-distensible balloon were then inserted into a 7Fr introducer sheath
(Avanti®, 7F, 11cm, part number 504-607X, from Cordis Corp., Miami Lakes FL).
This conventional introducer sheath had on the proximal end a hemostatic valve and
a flushing port/valve. The balloon was advanced through the hemostatic valve and
positioned within the introducer sheath near the distai end (of the sheath). One end
of the inverted elastomeric sheath was then placed over the distal end of the
iIntroducer sheath. The elastomeric sheath was then be clamped and sealed onto

the introducer sheath by the use of a conventional Tuohy-Borst compression fitting
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(Large Diameter Part # 11183, from Qosina, Edgewood NY). The other end of the
elastomeric sheath was then be closed and sealed by the use of a conventional
hemostatic locking clamp. Once the elastomeric sheath was affixed and sealed to
the introducer sheath, a water inflating fluid was injected into the introducer inflation
port. Since the balloon catheter shaft was sealed by the hemostatic valve and the
elastomeric sheath was closed and sealed to the introducer sheath, the inflating
pressure caused the elastomeric sheath to expand. After the elastomeric sheath
was appropriately expanded, the balioon was advanced and inserted into the
expanded elastomeric sheath. The inflation pressure was then bled-off, allowing the
elastomeric sheath to deflate and retract down upon the compacted balloon.

14) To secure the sheath to the balloon legs, a film wrapping and a UV
curable adhesive is applied to the ends of the elastomeric sheath. An ePTFE film
about 2Zmm wide by about 0.005mm thick, having an approximate mean fibril length
of about 50 micrometers, was wrapped under tension onto the ends of the
elastomeric sheath. The film wrapping compressed the elastomeric sheath down
onto the balloon leg portions. A UV curable adhesive (Grade 3381 from Loctite
Corp., Rocky Hill CT) was then applied onto the wrapped film.

19) The covered balloon was the placed under a UV source to cure the
adhesive, resulting in a non-compliant balloon covered by a controlled failure
elastomeric sheath as generally shown in Figures 1, 2 and 3.

The covered balloon from step 15) above was the burst tested. The balloon
was progressively inflated through the catheter inflation port, using an Interface and
Associates Tester, Model PT3070, Laguna Niguel CA. The inflation pressures were

progressively increased and recorded until the underlying bailoon abruptly burst at a
pressure of about 22atm. The inflation rate for the balloon was about 0.1ml/sec.

The elastomeric sheath also abruptly failed, concurrently with the balloon failure.
The burst balloon and cover are described by Figure 4.
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We claim:

1. A balloon catheter, comprising a

non-compliant balloon surrounded by an external elastomeric sheath,

said elastomeric sheath having a controlled failure mechanism whereby
the sheath ruptures concurrently with failure of the balloon by rupture, wherein

the rupture of the sheath occurs over a larger area than does the rupture of the
balloon.

2. The balloon catheter of claim 1 wherein the controlled failure mechanism

comprises a stress riser incorporated into the elastomeric sheath.

3. The balloon catheter of claim 2 wherein the stress riser is formed by a
longitudinal notch in a wall of the elastomeric sheath.

4 The balloon catheter of claim 2 wherein the stress riser is formed by a

circumferential notch in a wall of the elastomeric sheath.

5. The balloon catheter of claim 2 wherein the elastomeric sheath is

substantially comprised of a first material; and

the stress riser is formed by a sheath wall portion having a second
material that is different than the first material.

0. The balloon catheter of claim 2 wherein the stress riser is formed by heat

treating selective wall portions of the elastomeric sheath.

7. The balloon catheter of claim 2 wherein the stress riser is formed by work

hardening selective wall portions of the elastomeric sheath.
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8. The balloon catheter of claim 2 wherein the elastomeric sheath is
substantially comprised of a first material;

the stress riser formed by a ribbon of a second material different than the
first material; and

the ribbon is embedded into the elastomeric sheath.

Q. The balloon catheter of claim 2 wherein the elastomeric sheath is
substantially comprised of a first material;

the stress riser formed by a ribbon of a second material different than the
first material; and

the ribbon is attached to a surface of the elastomeric sheath.

10. The balloon catheter of claim 1 wherein the elastomeric sheath

concentrically expands with the balloon during inflation.

11.  The balloon catheter of claim 1 wherein the elastomeric sheath compacts
the balloon during deflation.

12.  The balloon catheter of claim 1 wherein the elastomeric sheath

concentrically expands with the balloon during inflation and compacts the balloon
during deflation.

13. A medical balloon system, comprising:
a non-compliant balloon having two opposing ends;
an elastomeric sheath surrounding the non-compliant balloon;

the elastomeric sheath attached to the two opposing ends of the non-
compliant balloon; and

the elastomeric sheath incorporating a controlled failure mechanism
whereby the sheath ruptures concurrently with failure of the balloon by rupture,
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wherein the rupture of the sheath occurs over a larger area than does the rupture
of the balloon.
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