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Title: PEELABLE PROTECTIVE SHEATH

Figure 1

(57) Abstract: A peelable protective sheath and related assemblies/systems and methods are disclosed. The protective sheath may be
used on a balloon catheter to protect the balloon and any coating thereon. The protective sheath may be peelable to make removal of
the protective sheath easier. The peelable protective sheath may be inserted into a hemostatic valve and introducer while still dis-
posed over the balloon of a balloon catheter to protect the balloon and any bioactive coating thereon from damage during insertion.
The peelable protective sheath may be peeled from a proximal end to initiate removal. Alternatively, the peelable protective sheath
may be peeled from a distal end of the peelable protective sheath as the balloon catheter is inserted through a hemostatic valve and
introducer.
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PEELABLE PROTECTIVE SHEATH

PRIORITY

[0001] This application claims the benefit of priority to U.S. Provisional Application
No. 61/819,433, filed May 3, 2013, which is incorporated by reference in its entirety into this

application.

BACKGROUND

[0001] Angioplasty is a procedure used for the treatment of blockages or stenosis in
blood vessels, e.g., arteries. Blockages may occur from cholesterol build up on blood vessel
walls or due to formation of thrombus. In angioplasty procedures, a dilatation balloon
catheter is generally used in an effort to dilate the blood vessel and open up the blockage
area. A balloon catheter may be inserted into a blood vessel of a patient using an introducer.
The balloon catheter may be inserted through the introducer and advanced through a blood
vessel until the distal end of the balloon catheter is at a desired location in the vasculature,
e.g., at the site of a blockage or stenosis. A guide wire may be introduced and used to guide
the balloon catheter to the desired location. The balloon catheter is advanced over the guide
wire until the balloon is properly positioned. Once properly positioned in a blockage or
stenosis area, an expandable balloon at the distal end of the balloon catheter may be inflated,
e.g., by passing a fluid through an inflation lumen into the balloon. Relatively high pressures
may be used to radially expand the balloon and dilate the lumen of the blood vessel and

compress the plaque of the blockage or stenosis.

[0002] To perform angioplasty procedures, it is desirable for the balloon catheter to
have a narrow profile, or relatively small deflated cross-sectional diameter so it is easier to
advance the balloon catheter into a stenosis or blockage area. The balloon of the angioplasty
catheter is often formed from a very thin polymeric material to provide for a narrower profile.
Further, the balloon can be wrapped or folded about the shaft of the catheter into a tightly
folded, deflated configuration, which helps to minimize the profile. While balloons are
generally capable of developing high pressures under inflation, the balloons are delicate and
can be damaged such that the balloon may fail during inflation. For example, the material of
the balloons may be susceptible to scratches or other damage, e.g., during shipping and/or
handling, which can result in premature balloon failure. Accordingly, it is desirable to

protect the balloon from damage until it is used. A protective sheath/sleeve may be applied



WO 2014/179767 PCT/US2014/036693

over the balloon to provide this protection. The protective sheath also helps to maintain the
balloon in its tightly folded, low profile configuration during shipping, handling, and storage.
Similar background information and more details may be found in US 5,893,868 and US

6,110,146, each of which is incorporated by reference in its entirety into this application.

[0003] It may be desirable to coat balloons for use in angioplasty for various
purposes. For example, it may be desirable to coat balloons with bioactive agents or drugs.
For example, anti-restenosis, anti-coagulent, and/or anti-thrombogenic drugs coated on an
angioplasty balloon may help prevent restenosis. These coatings must also be protected (e.g.,
by a protective sheath). However, some coatings, e.g., drug-coatings, may be slightly
adhesive or sticky causing difficulties in removal of a protective sheath from the balloon at
the time of use. Protective sheaths and methods that make removal easier are desirable.
Further, it is advantageous to protect the bioactive coating so its benefits may be fully
realized at the treatment location, e.g., at the location of the blockage or stenosis. However,
the bioactive coating may be scraped off or diminished as the balloon is inserted through an
introducer, especially if the balloon must be inserted through another device, such as
hemostatic valve, e.g., a hemostatic valve in the introducer. For example, the device or
hemostatic valve may have edges and a concentration of force may build up at the edges as
the balloon is inserted through the device or hemostatic valve, which may cause the bioactive
coating to scrape off. Also, the coating can be more easily displaced, if exposed to liquid

prior to insertion.

[0004] Protective sheaths, systems, assemblies, devices, methods, etc. that address

these and other issues are disclosed herein.

SUMMARY

[0005] Embodiments of, and enhancements for, protective sheaths, systems,
assemblies, devices, methods, etc. for protecting medical devices, including catheters and

balloon catheters, are described herein.

[0006] In one embodiment, a protective sheath for protecting a balloon of a balloon
catheter includes a tubular body portion comprising polymer molecules, e.g., ePTFE
molecules, aligned parallel to a central longitudinal axis of the tubular body portion. The
tubular body portion includes an inner lumen with an inner diameter fitted to or only slightly

larger than the outer diameter of the balloon in a deflated, folded configuration. The tubular

2
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body portion is configured to hold the balloon in the deflated, folded configuration without
compressing the balloon. The protective sheath also includes a first tab extending axially
from the tubular body portion. The first tab may include a first textured surface on one or
more sides of the tab. For example, the first tab may include a textured surface on a first side
facing away from the central longitudinal axis and a second textured surface on a second side
facing toward the central longitudinal axis. The protective sheath may also include a second
tab that extends axially from the tubular body portion, the second tab including a first
textured surface on a first side of the first tab facing away from the first tab and/or the central
longitudinal axis and a second textured surface on a second side of the first tab facing toward
the first tab and/or the central longitudinal axis. The first tab may include a nub on an end
thereof to further enhance grippability; the nub may protrude from the first tab. The tubular
body portion may or may not include a slit, scoring, or perforations running along its length,

i.e., either partially or fully along the length.

[0007] In one embodiment, the tubular body portion of the protective sheath is
configured to compress a first outer diameter of a balloon of a balloon catheter in a folded
configuration to a second outer diameter narrower than the first outer diameter in a

compressed configuration of the balloon.

[0008] In one embodiment, a system for use in angioplasty procedures includes a
balloon catheter including a balloon having an outer surface coated with a bioactive agent,
the balloon having a folded configuration; and a peelable protective sheath disposed over the
balloon. The peelable protective sheath includes a tubular body portion including an inner
lumen with an inner diameter fitted to or only slightly larger than an outer diameter of the
balloon in the folded configuration, the tubular body portion configured to fit over the
balloon and hold the balloon in the folded configuration without compressing the balloon,
and a first tab extending axially from the tubular body portion. The first tab may include a
first textured surface on one or more sides. For example, the first tab may include a textured
surface on a first side of the first tab facing away from a central longitudinal axis of the
tubular body portion and a second textured surface on a second side of the first tab facing
toward the central longitudinal axis. A second tab may also extend axially from the tubular
body portion. The second tab may include a textured surface on one or more sides. For
example, the second tab may include a first textured surface on a first side of the second tab

facing away from the first tab and/or the central longitudinal axis and a second textured



WO 2014/179767 PCT/US2014/036693

surface on a second side of the second tab facing toward the first tab and/or the central
longitudinal axis. The first tab and/or the second tab may include a nub on an end thereof to

further enhance grippability; the nub may protrude from the tab(s).

[0009] In one embodiment, a method of introducing a drug-coated balloon catheter
into a blood vessel includes first providing a balloon catheter assembly, wherein the balloon
catheter assembly includes a balloon catheter including a balloon disposed on a distal portion
of the balloon catheter, the balloon having a folded configuration and a peelable protective
sheath disposed over the balloon and holding the balloon in the folded configuration without
compressing the balloon. The method includes inserting the distal portion of the balloon
catheter assembly through a hemostatic valve and into an introducer, such that at least a
portion of the balloon and at least a portion of the peelable protective sheath are disposed
within the introducer, and then peeling the peelable protective sheath to remove it from the
balloon catheter. The peelable protective sheath may include a first tab and a second tab
extending axially from a main body portion of the peelable protective sheath, and inserting a
balloon catheter assembly leaves the first tab and the second tab outside of the hemostatic
valve and the introducer. The first tab and the second tab may include textured surfaces
facing away from each other and textured surfaces facing toward each other. The main body
portion may include a flared region. The tabs and/or the flared region may be configured to
resist entering or be unable to enter the introducer and/or the hemostatic valve to prevent the
entire peelable protective sheath from entering the introducer, the hemostatic valve, and/or
the blood vessel. Also, peeling the peelable protective sheath to remove it from the balloon
catheter may include peeling a proximal portion of the peelable protective sheath while a
distal portion of the peelable protective sheath remains within the introducer, and then sliding
the distal portion proximally out of the introducer before peeling the distal portion, while

leaving the at least a portion of the balloon within the introducer.

[0010] Peeling the peelable protective sheath to remove it from the balloon catheter
may include grasping the first tab and a shaft of the balloon catheter with one hand, grasping
the second tab with a second hand, pulling the second tab away from the first tab to peel the
peelable protective sheath. Also, a distal end of the peelable protective sheath may include a
tapered portion that is tapered from a larger outer diameter to a smaller outer diameter, and
wherein inserting the distal portion of the balloon catheter assembly through a hemostatic

valve includes directing the tapered portion through the hemostatic valve.
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[0011] In one embodiment, a method of introducing a drug-coated balloon catheter
into a blood vessel, includes: (1) providing a balloon catheter assembly, including a balloon
catheter with a balloon disposed on a distal portion of the balloon catheter, the balloon having
a folded configuration, and a peelable protective sheath disposed over the balloon and
holding the balloon in the folded configuration without compressing the balloon; (2) peeling
a distal portion of the peelable protective sheath away from the balloon catheter to expose an
exposed distal portion of the balloon catheter; (3) inserting the exposed distal portion of the
balloon catheter through a hemostatic valve and into an introducer; (4) peeling an additional
portion of the peelable protective sheath away from the balloon catheter to expose an exposed
additional portion of the balloon catheter; (5) inserting the exposed additional portion of the
balloon catheter through the hemostatic valve and into the introducer; (6) repeating steps (4)—
(5) until the balloon has entirely passed through the hemostatic valve; and (7) peeling and

removing any remaining portion of the peelable protective sheath from the balloon catheter.

[0012] In one embodiment, a method of manufacturing a peelable protective sheath,
includes extruding a tubular body comprising a polymeric material, cutting one end of the
tubular body along a diameter line in a direction along a limited length of the tubular body to
form two semi-circular body portions of equal size that extend axially from an uncut tubular
main body portion, and flattening and imparting textured surfaces to a portion of the semi-

circular body portions to form two tabs with textured surfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The disclosed devices, systems and methods can be better understood with

reference to the following drawings. The components in the drawings are not necessarily to

scale.

[0014] FIG. 1 shows a side view of an exemplary peelable protective sheath.

[0015] FIG. 2 shows a top view of the exemplary peelable protective sheath of FIG.
1.

[0016] FIG. 3 shows a view of the exemplary peelable protective sheath of FIG. 1 as

if cut along the line at 3-3 in FIG. 1 and viewed looking down the central longitudinal axis in

the direction indicated by the arrows at 3-3.

[0017] FIGS. 4-6 illustrate steps in a method of peeling a peelable protective sheath.
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[0018] FIG. 7 illustrates peeling a peelable protective sheath wherein the person

peeling the peelable protective sheath does not hold onto the balloon catheter.

[0019] FIG. 8 shows a side view of another exemplary peelable protective sheath that

has textured surfaces on only one side of each tab.

[0020] While the invention is susceptible to various modifications and alternative
forms, specific embodiments thereof have been shown by way of example in the drawings
and are herein described in detail. It should be understood, however, that the description
herein of specific embodiments is not intended to limit the invention to the particular forms
disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the appended

claims.

DETAILED DESCRIPTION

[0021] The following description and accompanying figures, which describe and
show certain embodiments, are made to demonstrate, in a non-limiting manner, several
possible configurations of peelable protective sheaths, catheter assemblies and systems, and
various methods of using them according to various aspects and features of the present

disclosure.

[0022] Various systems, assemblies, devices, and methods are described herein,
including balloon catheter systems, assemblies, and devices for use in angioplasty
procedures. While specific embodiments are discussed below by way of example, the
embodiments and examples described are not intended to be limiting. Accordingly, the
disclosure is not limited to balloon catheter assemblies, protective sheaths for protecting
balloons of balloon catheters, or angioplasty devices or systems/assemblies in general.
Rather, the inventive principles associated with the embodiments described herein, including
with respect to the balloon catheter systems/assemblies, peelable protective sheaths, methods,
etc. described herein, may be applied to other types of protective sheaths/sleeves, other

medical devices, other assemblies and systems, other methods, etc.

[0023] In one embodiment, a system/assembly for use in angioplasty procedures may
include a peelable protective sheath and a balloon catheter including a balloon. The balloon

and/or shaft of the balloon catheter may have an outer surface coating, e.g., a lubricious
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coating, hydrophobic coating, hydrophilic coating, polymer coating, surfactant coating,
radiopaque coating, echogenic coating, fluoroscopic coating, iopromide coating, etc.
Optionally, the coating may include a bioactive agent/drug. Some bioactive agents/drugs that
may be coated on the balloon catheter include, without limit, anti-thrombogenic drugs, anti-
restenosis drugs, anti-coagulant drugs, anti-inflammatory drugs, Paclitaxel, Everolimus,
Zotarolimus, Sirolimus, Dextran, Rapamycin, Prostacyclin, tacrolimus, batimastat,
halofuginone, interferon, dexamethasone, cyclosporine, Heparin, similar drugs, etc. The
balloon may have an expanded configuration and a deflated, folded configuration (the
balloon may be arranged in a low profile configuration by different means, e.g., by wrapping,
folding or otherwise arranging the balloon, but low profile arrangements are generally
referred to herein, in a non-limiting way, as a “folded configuration” or a “deflated, folded
configuration”). The deflated, folded configuration having a diameter smaller than the
diameter of the expanded configuration. The balloon may transition from the deflated, folded
configuration to the expanded configuration when a fluid (e.g., water, saline solution, air,
etc.) is passed through an inflation lumen into the balloon. Optionally, the balloon catheter
may have collapsed stent disposed over the balloon; the stent may be expanded and delivered
by expansion of the balloon. A peelable protective sheath, e.g., peelable protective sheath 2
(as shown in FIGS. 1-3), may be applied over the top of the distal portion of the balloon
catheter and the balloon in its deflated, folded configuration. If a stent is disposed over the
balloon, then the protective sheath may be applied over the top of the stent as well. When
disposed over the folded balloon, the peelable protective sheath 2 helps to hold the balloon in
the folded configuration and maintains a narrow profile of the assembly and/or system. If a
stent is used, then the peelable protection sheath can also help hold the stent in the collapsed

or narrower configuration and protect the stent and any coating thereon.

[0024] FIGS. 1 and 2 illustrate a side view and a top view, respectively, of an
exemplary peelable protective sheath 2. The terms: protective sheath, protective sleeve,
protection sheath, protection sleeve, balloon protector, and the like are used synonymously
herein. Peelable protective sheath 2 may be used for protecting the balloon of a balloon
catheter, e.g., an angioplasty balloon dilatation catheter. Also, peelable protective sheath 2
may be used to protect a coating on a balloon catheter, e.g., a bioactive/drug coating on a
balloon of a balloon catheter, as discussed above. However, the inventive principles
associated with peelable protective sheath 2 may be applied to other types of protective

sheaths/sleeves, other medical devices, other catheter assemblies and systems, etc.

-
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[0025] As shown in FIGS. 1-3, peelable protective sheath 2 may include a tubular
main body portion 4 and tabs 6 extending axially therefrom. As can be seen in FIG. 3,
tubular body portion 4 is tubular in shape and includes an inner lumen 20. FIG. 3 shows a
view of peelable protective sheath 2 as if cut along the line at 3-3 in FIG. 1 and viewed
looking down the central longitudinal axis 8 toward tabs 6, i.e., in the direction indicated by
the arrows at 3-3. As can be seen in FIG. 3, the tubular main body portion 4, shown in cross
section at the center of FIG. 3, is tubular in shape. Peelable protective sheath 2 may be open
at its distal end such that a guide wire may be fed into a catheter the protective sheath is
disposed over; the end user, e.g., a clinician or doctor, may hold onto the peelable protective
sheath when loading the guide wire so as not to touch the catheter or a bioactive coating on
the catheter. In one embodiment, tubular main body portion 4 has a constant outer diameter,
constant inner diameter, and/or constant wall thickness within manufacturing tolerances

along its entire length from its distal end to its proximal end.

[0026] Optionally, tubular main body portion 4 may include a flared region or more
than one flared region with a larger outer diameter and/or inner diameter. The flared region
may occur at the proximal end of the tubular main body portion 4, at the distal end of the
tubular main body portion 4, or both. The flare or flared region may assist with application to
the device by providing a funneling effect as the peelable protective sheath is applied to or
loaded on the balloon. Additionally, by having a flared region at one or both of the ends of
the tubular main body portion 4, the profile of the central region of the peelable tubular main
body portion 4 may be reduced without hindering easy application of the peelable protective
sheath. Similarly, if the flared region is only at the proximal end of the tubular main body
portion, then the distal end of the main body portion may have a narrower profile, which
makes it easier to use when inserting the distal end into an introducer and/or hemostatic valve
as discussed below. Also, portions or folds of the folded balloon may sometimes extend
radially outward and cause the peelable protective sheath to begin peeling prematurely as the
peelable protective sheath is loaded onto the balloon. A flared region may help to hold in and
guide the flaps of the balloon and thereby prevent premature propagation of peeling.
Similarly, if the balloon expands over time, it may be harder to apply the protective sheath
and may cause premature splitting, but a flared region may help alleviate this problem.
Further, the flared region may be used to force the balloon into a tighter or narrower folded

configuration as it funnels the balloon to the narrower profile region of the protective sheath.
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[0027] A flared region may be added to the tubular body using a bump extrusion
procedure as the tubular body is extruded. Alternatively, an end of the tubular body may be
heated to make it more malleable, and a device (e.g., a conical shaped pin or needle) may
then be used to create the flared region in the heated tubing. Tubular main body portion 4
may have a non-flared region(s) with a constant outer diameter, constant inner diameter,
and/or constant wall thickness within manufacturing tolerances along its length between any
flared region(s), tapered region(s), and/or its distal and proximal ends. In one embodiment,
the flared region may have an inner diameter that is 1.2 to 2 times larger than the inner

diameter of a non-flared region.

[0028] In one embodiment, the inner diameter of inner lumen 20 of the protective
sheath is configured to be only slightly larger (e.g., about 0.03 inches or less), at least in the
region of tubular main body portion 4 that covers the balloon of the balloon catheter, than the
outer diameter of the balloon of a balloon catheter when the balloon is in a deflated, folded
configuration. In one embodiment, the inner diameter of inner lumen 20 in the region
covering the balloon is between about 0.005 inches to about 0.010 inches larger than the
outer diameter of the balloon in its initial folded configuration, i.e., shortly after folding. By
having the inner diameter of the inner lumen 20 be only slightly larger than the balloon in an
initial deflated, folded configuration, the tubular body portion may be configured to hold the
balloon in a deflated, folded configuration without compressing the balloon, i.e., without
compressing/forcing the balloon to an outer diameter smaller than the deflated, folded
configuration or smaller than the initial folded configuration shortly after folding. It is noted
that the outer diameter of the folded balloon may expand or increase somewhat over time
and/or during subsequent processing, so the peelable protective sheath should generally be
applied to the balloon shortly after initial folding. Then, even if the outer diameter of the
balloon tends to expand or increase over time, the peelable protective sheath can hold the
folded balloon to a narrower profile. If a stent is used over the balloon and the protective
sheath is placed over the balloon and stent, then the protective sheath may have an inner
diameter that is about 0.05 inches or less larger than the outer diameter of the combined stent

and balloon.

[0029] Optionally, the peelable protective sheath 2 may be fitted to match the size of
the balloon in the folded configuration (e.g., in the initial folded configuration) or the size of

a combined balloon and stent. In one embodiment, the inner diameter of the protective
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sheath is fitted to or close in size to the profile of the balloon in its initial folded configuration
(i.e., right after folding). If a stent is used over the balloon and the protective sheath is placed
over the balloon and stent, then the protective sheath may have an inner diameter that is fitted
to the outer diameter of the balloon and stent combination or assembly. This fitting and

matching of sizes helps to beneficially maintain a lower profile.

[0030] Alternatively, the peelable protective sheath 2 may be designed to
compress/force the balloon to a smaller outer diameter (e.g., to a diameter smaller than the
initial folded configuration), which may beneficially improve (i.e., narrow) the profile of the
balloon catheter and protective sheath assembly. However, damage can occur to the balloon
if it is subject to compressive forces. Also, various methods used to initiate compression of
the protective sheath around the balloon can also cause damage to the balloon or the bioactive
coating on the balloon, e.g., if heat is applied to initiate compression, the heat may weaken
the balloon or adversely affect the coating or bioactive agents in the coating. Also, if the
sheath compresses the folded balloon to hold a tighter profile, the balloon may exert outward

force on the sheath as it tends to expand over time that may cause premature peeling.

[0031] In view of the above, it is sometimes desirable to manufacture the inner
diameter of the inner lumen 20 to be slightly larger than the outer diameter of the balloon in
the deflated, folded configuration (as discussed above) to avoid compressing the balloon and
avoid methods of initiating compression, while maintaining an overall profile of the assembly
that is nonetheless relatively narrow. Further, having a peelable protective sheath that does
not compress the balloon also eliminates a manufacturing step (i.e., initiating compression)
and can make it easier to remove the peelable protective sheath. Additionally, having an
inner diameter slightly larger than the outer diameter of the balloon in the folded
configuration makes it easier to apply the peelable protective sheath to the balloon catheter
(or combined balloon and stent). Further, if coated, the coated portion of the balloon and/or
stent may be sticky, slightly adhesive, and/or otherwise resistant to application of the
protective sheath, and a somewhat larger inner diameter makes application over the coating
easier. Smaller diameter balloons generally require less over-sizing of the inner diameter of

the protective sheath than larger diameter balloons.

[0032] Optionally, an inner surface of the inner lumen may be roughened such that
the inner surface of the inner lumen has a reduced surface area in contact with the balloon

and/or catheter, which can help make application and removal of the peelable protective

-10-
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sheath 2 to the balloon and/or catheter easier. For example, the inner surface may include a
roughness characterized by a series of essentially peaks and valleys, wherein the valleys are
configured such that they do not directly contact the balloon while peaks adjacent to the
valleys are configured such that they do directly contact the balloon. The roughened surface
and/or the peaks and valleys may have an ordered pattern (e.g., peaks and valleys extending
along the length of the sheath parallel to the longitudinal axis of the sheath) or may be
randomly arranged (e.g., a random texture similar to a gravel road). This roughness may be

imparted to the inner surface during extrusion.

[0033] Optionally, tubular body portion 4 may include a tapered distal end, the
tapered distal end being configured for insertion through a hemostatic valve of an introducer.
The tapered distal end in one embodiment tapers from a larger outer diameter to a smaller
outer diameter in a proximal to distal direction. The smaller diameter would facilitate easier
insertion of the distal end of the protective sheath 2 into the introducer and/or hemostatic

valve.

[0034] Tubular body portion 4 may be constructed of a polymeric material. The
polymeric material may be expanded polytetrafluoroethylene (ePTFE), high-density
polyethylene (HDPE), Pebax (e.g., Pebax 7233), Nylon (e.g., Nylon 12), polyethylene
terephthalate (PET), polytetrafluoroethylene (PTFE), or a combination of two or more of
these materials. The polymeric material can be extruded to form the tubular body portion 4
and/or tabs 6. The polymer molecules in the tubular body portion 4 may be aligned/oriented
parallel to a central longitudinal axis 8 of the tubular body portion 4.  This
alignment/orientation may be done during extrusion, via stretching during extrusion or after
extrusion, using E-Beam sterilization procedures, and/or cold drawing the polymeric
material. By orienting or aligning the polymer molecules parallel to central longitudinal axis
8, the tubular body portion 4 will tend to peel in roughly a straight line along the length of the
tubular body parallel to the central longitudinal axis 8. Orienting/aligning the polymer
molecules in this way is beneficial at least because it eliminates the need for a slit or
weakened area/line along the side(s) of the tubular body portion 4 to obtain a good peel along
the length of the tubular body portion 4. Optionally, a lubricious coating may be applied to
an outer surface of the peelable protective sheath 2, e.g., the entire outer surface of the tubular
body portion 4, which may ease insertion of the peelable protective sheath 2 into an

introducer and/or hemostatic valve.

-11-
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[0035] While a slit or otherwise weakened area is not necessary if the polymer
molecules are properly aligned/oriented, the tubular body portion may optionally include a
slit, scoring, perforations, wires, or wire-like features that extend the full length of the tubular
body portion 4 from end to end. Also, the tubular body portion may optionally include a slit,
scoring, perforations, wires, or wire-like features that extend or run partially along the length
of the tubular body portion, e.g., the slit, scoring, perforations, wires, or wire-like features
beginning at a first end of the tubular body portion proximate the tabs 6 and terminating

before reaching a second end of the tubular body portion.

[0036] A single tab or multiple tabs 6 may extend from either the proximal end or the
distal end of the tubular main body portion 4 to aid in gripping and peeling the peelable
protective sheath 2. Alternatively, no tabs may be used and another means of gripping the
peelable protective sheath and/or propagating the peeling of the peelable protective sheath
may be used. In FIG. 1, two tabs 6 are depicted as extending axially (or generally in a
direction roughly parallel to the central longitudinal axis 8) from the tubular main body
portion 4. The tabs 6 may include a textured surface 10 on one side (e.g., as shown in FIG. §)
or on both sides (e.g., as shown in FIG. 1) of each tab. For example, as shown in FIG. 1, each
tab may include a first textured surface on a first side facing away from the central
longitudinal axis and a second textured surface on a second side facing toward the central
longitudinal axis. The tab may include a first textured surface on a first side facing away
from the central longitudinal axis in a direction perpendicular to the central longitudinal axis
and a second textured surface on a second side facing toward the central longitudinal axis in a
direction perpendicular to the central longitudinal axis. In one embodiment, as depicted in
FIG. 1, two tabs 6 may be used, each tab including a textured surface 10 on both sides of each
tab, e.g., the first tab and the second tab may each include textured surfaces 10 facing away
from each other and/or the central longitudinal axis 8 and textured surfaces 10 facing toward
each other and/or the central longitudinal axis 8. Textured surfaces 10 aid in gripping the
tabs 6, and the tabs 6 act to initiate and propagate peeling of the peelable protective sheath 2.
Tabs 6 may be made from the same material or a different material from the tubular body
portion 4. In one embodiment, a nub or the like may be incorporated on the ends of the tab(s)
as another gripping feature. The textured surfaces and gripping feature described above can
enhance grippability of the tabs when peeling the protective sheath and prevent fingers from

sliding off of the tabs when pulling them.
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[0037] Similarly, if a flared region, as discussed above, were used on an end of the
tubular main body portion 4, the tabs 6 would extend axially from the flared region.
However, it is noted that a flared region is not necessary when tabs similar to tabs 6 are used,
because tabs 6 may be pulled apart somewhat to act similar to a flared region and guide the
balloon, including its folds, into the tubular main body portion. One would need to be careful
not to pull so hard as to cause premature propagation of peeling, but could guide the tabs 6
outwardly to create a funnel like shape to help funnel the balloon into the tubular main body
portion 4. Accordingly, benefits similar to those described above with respect to adding a

flared region may be provided by the tabs 6 themselves, at least in part.

[0038] Optionally, the tabs 6 may be reinforced or otherwise treated to strengthen
and/or stiffen the tabs 6. For example, the tabs 6 may be manufactured from a first material
and reinforced with a second material different from the first material. The second material
or reinforcement material may include a wire, wire-like material, thread, layer(s) of other
materials, stiffened plastic material, etc. Optionally, the tabs 6 may be reinforced by
additional layers of the same material as the tabs and/or tubular body are made from, or the
tabs may be manufactured/extruded to have a single wall layer that is thicker than the walls of

tubular body portion 4.

[0039] One method of manufacturing peelable protective sheath 2 involves first
extruding an elongated tubular body comprising a polymeric material (e.g., one of the
polymeric materials discussed above), then cutting an end of the elongated tubular body a
limited distance from the end along the length of the elongated tubular body in a direction
toward the opposite end of the elongated tubular body. The cut may span the diameter of the
tubular body (i.e., so the circular cross section of the elongated tubular body is cut into two
semi-circular cross sections), and form two semi-circular body portions of roughly equal size
and each the length of the limited distance of the cut along the length. The cut may be done
using various tools and methods, e.g., a radio-frequency (RF) process, a laser, a scalpel,
knife, or other cutting tool. Other cuts may also be used, e.g. to produce divisions for tabs of

different sizes rather than divisions/body portions of roughly equal semi-circular size.

[0040] After cutting, the semi-circular body portions extend axially from the uncut
tubular main body portion. At least a portion of the semi-circular body portions may then act
as tabs. To make the semi-circular body portions easier to use as tabs, the entire semi-

circular body portions or a more limited region/portion thereof may be flattened and have
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textured surfaces added thereto. Textured surfaces may be imparted to a region/portion of the
semi-circular body portions or tabs to form tabs with textured surfaces on one or both sides.
The textured surfaces may be imparted to the tabs using an RF process using thermal mold,
and/or by pinching the tabs between a hard device with opposing textured surfaces, or other
means. Alternatively, the tabs may be manufactured separately from the tubular body and

subsequently attached to the tubular body through known methods and means of attachment.

[0041] In one embodiment, a system and/or assembly using a protective sheath, e.g.,
peelable protective sheath 2, may also include an additional outer sleeve disposed over the
protective sheath and at least a portion of the balloon catheter. This additional outer sleeve
may help protect the protective sheath during packaging and shipping, and may help to
prevent premature peeling of the protective sheath. The additional outer sleeve may be slid
off the protective sheath and balloon catheter prior to use of the catheter and protective
sheath. The additional outer sleeve is particularly helpful when using a protective sheath
having a scored, perforated, slitted, or similarly weakened area. The scored, perforated,
slitted, or similarly weakened area may be prone to early separation or splitting over time,
e.g., if the folded balloon expands somewhat over time (e.g., as discussed above) and/or if the
packaging is subject to rough shipping/handling conditions. This is especially true if the
sheath compresses the folded balloon to hold a tighter profile. Having an additional or
secondary outer sleeve holds the protective sheath together and strengthens it to prevent
premature splitting or propagation. The secondary outer sleeve or sheath could be slid over
the peelable protective sheath. Optionally, the secondary outer sleeve or sheath may be
crimped on or shrink fit over the peelable protective sheath. If a secondary outer sleeve is
used, it may be removed by the end user, e.g., a clinician or doctor, by sliding it proximally or
distally off the peelable protective sheath, or it may be peelable similar to the peelable

protective sheath.

[0042] It is noted that in embodiments that do not have a scored, perforated, slitted, or
similarly weakened area along the length of the protective sheath, an additional outer sleeve
may be unnecessary (though one can optionally be used). Accordingly, a tubular main body
portion (e.g., tubular main body portion 4 shown in FIGS. 1-6) that does not have a scored,
perforated, slitted, or similarly weakened area along its length, or at least along the region of
the tubular main body portion that is disposed directly over the area of the balloon, provides

at least the advantages of added strength and avoidance of premature splitting or propagation
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without an additional or secondary outer sleeve. Further, the profile of a peelable protective
sheath without a scored, perforated, slitted, or similarly weakened area may be narrower than
a protective sheath with a weakened area, because a weakened area is more likely to
prematurely split if the balloon expands somewhat. Conversely, the profile of a protective
sheath with a weakened area must generally have a larger profile to help prevent this
premature splitting, e.g., to accommodate some expansion. Also, the additional processing
step of adding a scored, perforated, slitted, or similarly weakened area to the protective
sheath is eliminated in embodiments, like those shown in FIGS. 1-6, that do not have a
scored, perforated, slitted, or similarly weakened area along the tubular main body portion.
As discussed above, if the polymer molecules are properly aligned, splitting of the sheath

propagates easily and roughly straight without a weakened area.

[0043] Optionally, multiple protective sheaths may be disposed at different locations
along the length of the balloon catheter. For example, in one embodiment, the system and/or
assembly includes a first peelable protective sheath and a second peelable protective sheath
disposed adjacent to each other along the balloon catheter, such that a proximal end of the
first peelable protective sheath abuts a distal end of the second peelable protective sheath,
without any radial overlapping between the first peelable protective sheath and the second
peelable protective sheath. However, in one embodiment, there is some limited radial
overlap of the proximal end of the first peelable protective sheath with the distal end of the
second peelable protective sheath, while the majority of the lengths of the first peelable
protective sheath and the second peelable protective sheath do not radially overlap. Having
two or more peelable protective sheaths disposed along the length of the balloon catheter
provides the end user, e.g., a doctor or clinician, with additional flexibility in deciding how to
use and remove the peelable protective sheaths when introducing the balloon catheter into a
patient. In one embodiment, a distal peelable protective sheath, e.g., the first peelable
protective sheath above, may optionally have tabs similar to those discussed elsewhere herein
at its distal end. In one embodiment, a proximal peelable protective sheath, e.g., the second
peelable protective sheath above, may optionally have tabs similar to those discussed
elsewhere herein at its proximal end. Further, these multiple protective sheaths may each

include other features of the other protective sheaths discussed above.

[0044] An exemplary method of introducing a drug-coated angioplasty balloon

catheter into a blood vessel involves providing a balloon catheter assembly, including a
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balloon catheter with a balloon disposed on a distal portion of the balloon catheter, and a
peelable protective sheath disposed over the balloon. The balloon may include a bioactive
coating, similar to the bioactive coatings discussed above. The balloon includes an expanded
configuration and a folded configuration having an outer diameter smaller than an outer
diameter of the balloon in the expanded configuration. In one embodiment, the peelable
protective sheath may hold the balloon in the folded configuration without compressing the
balloon, e.g., without active compression of the balloon into a diameter smaller than the
diameter of the folded configuration prior to applying the protective sheath around the
balloon, or without extra compression beyond merely holding the balloon in profile. If the
balloon tends to expand over time, the peelable protective sheath holds the profile of the
assembly and prevents the balloon from over expanding. While this may impart holding
forces (or forces resistant to the expansion forces of the balloon) to hold/maintain the balloon
in a low profile, it does not involve actively compressing the balloon to a smaller diameter
but merely inhibits expansion of the balloon to a larger diameter. In one embodiment, the
peelable protective sheath may compress the balloon, e.g., actively compressing the balloon
into a diameter smaller than the diameter of the initial folded configuration (i.e., the folded
configuration just prior to applying the protective sheath around the balloon), or imparting

extra compression beyond merely holding the balloon to prevent expansion of the balloon.

[0045] An introducer for introducing a balloon catheter into a blood vessel of a
patient may also be provided. The introducer may be equipped with a hemostatic valve, e.g.,
to prevent back flow of blood out of the blood vessel through the introducer. In one
embodiment, the hemostatic valve is disposed at a proximal end of the introducer. While the
disclosure describes, by way of non-limiting example, a hemostatic valve associated with
and/or connected to an introducer, other devices/attachments may be attached to an
introducer and used in connection with a protective sheath in ways similar to those described

herein with respect to the hemostatic valve.

[0046] The distal portion of the balloon catheter assembly may be inserted through
the hemostatic valve and into the introducer, such that at least a portion of the balloon and at
least a portion of the peelable protective sheath are disposed within the introducer. In one
embodiment, the entire balloon and a distal portion of the peelable protective sheath covering
the balloon are inserted through the hemostatic valve before beginning to peel the peelable

protective sheath from the balloon catheter. In one embodiment, only a distal portion of the
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balloon and a distal portion of the peelable protective sheath covering the distal portion of the
balloon are inserted through the hemostatic valve before beginning to peel the peelable
protective sheath from the balloon catheter. A distal end of the peelable protective sheath
may optionally include a tapered portion that is tapered from a larger outer diameter to a
smaller outer diameter in a proximal to distal direction, and one may direct the tapered
portion through the hemostatic valve. The tapered portion facilitates easier insertion of the
distal portion of the assembly/system, including the balloon catheter and peelable protective

sheath.

[0047] One advantage of a peelable protective sheath adapted/configured for insertion
into an introducer and/or valve, and one advantage of methods involving inserting a peelable
protective sheath into an introducer and/or through a valve while disposed over the balloon
and/or catheter is that it protects the balloon, catheter, and/or any coating thereon from being
damaged, e.g., it prevents any bioactive coating from being scrapped off, rubbed off, or
otherwise diminished during insertion. For example, a hemostatic valve may include edges
or constrictions around a narrow opening that tend to scrape along the balloon and/or
catheter, which may cause damage to the balloon, catheter, and/or any coating thereon and
may scrape or rub off portions of the coating. Indeed, there is often a concentration of force
at the edges because it is a small area at the point where the balloon catheter is pushed into
the introducer. However, a peelable protective sheath configured for insertion into the
hemostatic valve while disposed over the balloon catheter can protect the balloon, catheter,
and coating. Also, the coating can be more easily displaced or diminished, if exposed to
liquid prior to insertion. Leaving the protective sheath on the balloon catheter during
insertion can prevent or limit exposure to liquid, thereby further protecting the coating. Also,
leaving the protective sheath on can act as a reminder to the end user that he/she should avoid

wetting the coating.

[0048] While the portion of the balloon and the portion of the peelable protective
sheath are disposed within the introducer, the end user may begin to peel the peelable
protective sheath starting at the proximal end of the peelable protective sheath. The peeling
may be done while a distal portion of the peelable protective sheath remains within the
introducer. The peelable protective sheath may then be peeled to the point at which the

peelable protective sheath enters the hemostatic valve, or a short distance, e.g., less than 2
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inches or less than 1 inch, before it enters the hemostatic valve (i.e., proximal of the portion

of the protective sheath in the hemostatic valve).

[0049] In one embodiment, the peelable protective sheath may include a tab or tabs,
e.g., a first tab and a second tab, extending axially from a main body portion of the peelable
protective sheath. The tab or tabs may be similar to the tabs of peelable protective sheath 2
discussed above and/or shown in FIGS. 1-3. The tab or tabs may include textured surfaces as
discussed above, for example, a first tab and a second tab may each include textured surfaces
facing away from each other and textured surfaces facing toward each other. When the
balloon catheter assembly is inserted through the hemostatic valve, the tab or tabs are left
outside of, e.g., proximal of, the hemostatic valve and the introducer. The tab or tabs may be

used to initiate and propagate the peeling of the peelable protective sheath.

[0050] FIGS. 4-6 illustrate one method of peeling a peelable protective sheath, e.g.,
peelable protective sheath 2. As shown in FIG. 4, one may first grasp a first tab 6A or other
gripping portion of the peelable protective sheath 2 and a shaft 16 of the balloon catheter 14
with one hand. An inflatable balloon 22 is shown at the distal end of the balloon catheter 14
(while balloon 22 is shown with one possible length, the peelable protective sheaths
described herein may be used with a variety of different lengths of balloons and are well
suited to protecting very long balloons). As shown in FIG. 5, one may then grasp a second
tab 6B or a different gripping portion of the peelable protective sheath 2 with a second hand.
As depicted in FIG. 6, once the tabs 6A and 6B or gripping portion are held in opposite
hands, the tabs 6A and 6B or gripping portion are pulled in different directions, e.g., the
second tab 6B may be pulled away from the first tab 6A and shaft 16 to peel the peelable
protective sheath. Holding the shaft 16 of the balloon catheter 14 in one hand with one of the
tabs adds stability, can help reduce the risk of damaging or kinking the balloon catheter if
properly handled, and can reduce the number of hands needed to safely peel the sheath.
However, the peelable protective sheath may also be peeled by pulling opposite tabs or
gripping portions in opposite directions without holding onto the balloon catheter in either
hand, as shown in FIG. 7. If the balloon catheter is not held in either hand, it may be
desirable to stabilize the balloon catheter by having a second person hold the balloon
catheter, or by first loading a guidewire into the balloon catheter before peeling. Peeling the
sheath when the assembly is loaded onto a guidewire may also help to stabilize the device

while peeling, without needing to hold onto the shaft. Peeling can occur from two initiation
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points to peel the peelable protective sheath into two pieces, e.g., as discussed above using
two tabs. Also, peeling can optionally occur from one initiation point, e.g., such that peeling

generates a slit for the balloon to exit.

[0051] Optionally, the peelable protective sheath may be peeled from the balloon
catheter using one hand. For example, if the peelable protective sheath has only one tab or
one initiation point, the single tab or area of the initiation point may be pulled with one hand
away from the balloon catheter and/or the remainder of the peelable protective sheath to peel
the peelable protective sheath. Optionally, the shaft of the balloon catheter and/or the
remainder of the peelable protective sheath may be held in one hand while another hand is
used to pull and peel the peelable protective sheath from the balloon catheter. For example,
the one tab or an end of the peelable protective sheath may be pulled away with one hand
from the shaft of balloon catheter, which is held in another hand, to help the shaft of the
balloon catheter split and exit the protective sheath. If the peelable protective sheath has two
or more tabs, one may pull on only one of the tabs to peel the protective sheath with one

hand.

[0052] In one embodiment, peeling is propagated linearly or longitudinally along the
length of the peelable protective sheath (see e.g., FIG. 6). Indeed, orienting or aligning the
polymer molecules parallel to the central longitudinal axis, as discussed above, will lead to a
linear, longitudinal propagation during peeling. However, peeling could optionally be
configured to propagate in other ways, €.g., in a corkscrew-like fashion. Peeling may be
propagated from a distal end or a proximal end, and peeling of the protective sheath may be

done incrementally or all at once.

[0053] After peeling the protective sheath a distance from the proximal end of the
peelable protective sheath toward the distal end, e.g., after peeling the sheath to the point at
which it enters the hemostatic valve or a short distance before this point, the peelable
protective sheath may be slid proximally relative to the balloon catheter to remove a more
distal portion of the protective sheath from the introducer and/or hemostatic valve. The
protective sheath is slid proximally while leaving at least a portion of the balloon or the entire
balloon within the introducer. Sliding the peelable protective sheath proximally to remove it
from the introducer and/or hemostatic valve may be done incrementally or all at once. For
example, if the peelable protective sheath is slid incrementally back or proximally, the end

user may continue to peel the sheath further in between increments of sliding the peelable
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protective sheath proximally. Indeed, the peelable protective sheath can be slid proximally a
short distance (e.g., one or two inches), then peeled to a point closer to the hemostatic valve
or the distal end of the protective sheath, then slid proximally another short distance (e.g., one
or two inches), then peeled again to a point closer to the hemostatic valve or the distal end of
the protective sheath, and so on. These incremental steps can be repeated until the peelable
protective sheath is removed from the balloon catheter. If the peelable protective sheath is
slid back all at once, the entire distal portion of the protective sheath distal of the hemostatic
valve, e.g., in the introducer, may be slid proximally until it exits the introducer and
hemostatic valve, then the peelable protective sheath may be peeled and removed from the

balloon catheter.

[0054] To slide the peelable protective sheath proximally (whether incrementally or
all at once), the end user may pull proximally on the tabs and/or another portion of the
peelable protective sheath that is proximal the hemostatic valve. If the peelable protective
sheath is only peeled to within a short distance before it enters the hemostatic valve, then the
end user may hold and pull on the unpeeled portion of the protective sheath still proximal the
hemostatic valve to pull the protective sheath proximally. This helps the end user to avoid
touching and contaminating or otherwise interfering with a bioactive coating on the balloon

catheter.

[0055] One advantage of a peelable protective sheath as disclosed herein is that forces
required to remove the protective sheath are significantly reduced. For example, protective
sheaths that require the entire protective sheath to be slid proximally or distally to remove it
from the balloon and balloon catheter must overcome relatively large forces, e.g., a great deal
of friction, to slide properly. This is in part due to the entire surface area of the protective
sheath being in contact with the surface of the balloon and balloon catheter, so there is a
greater area subject to friction between the surfaces. Removal forces can be particularly large
when the catheter and/or balloon include a bioactive coating (e.g., as discussed above),
because the coatings may tend to be sticky and/or create greater adhesion and/or friction

between the surfaces.

[0056] A peelable protective sheath is easier to remove because the peelable
protective sheath is peeled away from the surface of the balloon and balloon catheter without
sliding while the protective sheath is still on the balloon, i.e., the inner surface of the peelable

protective sheath is pulled radially away from the outer surface of the balloon and balloon
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catheter. This peeling action requires much less force than sliding a full protective sheath
along a balloon and balloon catheter. In addition, it changes the force to tensile forces
extending radially from the balloon instead of shear forces longitudinally along the balloon
surface. Additionally, because a peelable protective sheath requires much smaller removal
forces, a peelable protective sheath may have a tighter fit and narrower profile than a
protective sheath that must be able to slide its entire inner surface area over the balloon

catheter.

[0057] Some sliding may still occur between the edges of the peeled portions (e.g.,
the edges of a semi-circular peeled portion) and the surface of the balloon in a radial direction
or a direction perpendicular to the longitudinal axis as the peelable protective sheath is pulled
away from the balloon or balloon catheter, but the sliding occurs over a much smaller surface
area and occurs incrementally as the peel progresses down the length of the peelable
protective sheath, so the forces to overcome are relatively small. This is especially true when
compared to sliding the entire inner surface of a protective sheath longitudinally/axially over
the balloon and balloon catheter. Similarly, if the protective sheath is broken along a single
slit/perforation or peeled from one initiation point, the sliding is also in a radial direction, but
the removal force is greater than if the peelable protective sheath is pulled into two separate
pieces. This is in part because a protective sheath slitted along a single line wraps around the
balloon catheter further and more surface area may slide over the balloon, e.g., slide over a
sticky or somewhat adhesive coating, as it is pulled sideways away from the balloon.
Accordingly, while a protective sheath slitted or split along a single line has much lower
removal forces than an entire protective sheath slid axially or longitudinally along the surface
of the balloon catheter, it may experience more sliding and therefore may experience greater
removal forces than a peelable protective sheath pulled into two separate smaller pieces.
Further, because the edges of a protective sheath slitted or split along a single line wrap
further around the balloon catheter, there may be more scraping of the edges against the
balloon as the balloon is pulled free or as the sheath is pulled away from the balloon, this may
cause some damage to the balloon and/or coating thereon, e.g., it may scrape or rub some of

the bioactive agents/drugs off the balloon catheter.

[0058] As discussed above, some methods of using the peelable protective sheath
described herein do involve some sliding of the peelable protective sheath in a longitudinal or

axial (e.g., proximal) direction. For example, as discussed above, when a proximal portion of
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the peelable protective sheath is inserted through a hemostatic valve, the proximal portion
must eventually be slid proximally from the hemostatic valve and introducer to finish peeling
the protective sheath away from the balloon catheter. However, because the peelable
protective sheath is first peeled to a point at which it enters the hemostatic valve or a short
distance before this point, the entire peelable protective sheath is never slid in a longitudinal
or axial direction; rather, a much smaller unpeeled portion of the sheath is slid. Because only
a smaller unpeeled portion of the sheath is slid in this way, the forces are much smaller than
sliding the full peelable protective sheath in a longitudinal or axial direction. Further, by
sliding the peelable protective sheath incrementally, as described above, the peelable
protective sheath can be incrementally peeled to reduce the surface area in contact with the
balloon and balloon catheter, which makes the sliding become easier and easier as the peeling
progresses. Also, when the actual peeling occurs (as opposed to sliding), the forces required
to peel the sheath are relatively small as discussed above. Accordingly, even using methods
that involve some sliding of the sheath (e.g., as discussed above), a peelable protective sheath
is significantly easier to remove than other protective sheaths, e.g., non-peelable protective

sheaths.

[0059] While it is helpful to insert a distal portion of a peelable protective sheath
while disposed over the balloon catheter to protect the balloon, catheter, and any coating
thereon from damage, it is not desirable to allow the entire peelable protective sheath to be
inserted into a blood vessel. If a clinician forgets to remove the peelable protective sheath
and accidentally inserts it entirely into the body, various health risks are possible, e.g., the
balloon may not inflate for proper treatment, the protective sheath may be dislodged and
remain within the blood vessel. Accordingly, the proximal tabs may be configured to prevent
insertion of the proximal tabs through the introducer and/or hemostatic valve, so the entire
peelable protective sheath is prevented from being inserted into the blood vessel. A flared

proximal region may also help prevent full insertion.

[0060] In one embodiment, a method of introducing a balloon catheter (e.g., a drug-
coated balloon catheter or other balloon catheter as discussed elsewhere herein) into a blood
vessel, includes: (1) providing a balloon catheter assembly/system (e.g., an assembly/system
similar to those discussed elsewhere herein), the balloon catheter assembly/system may have
a balloon catheter including a balloon disposed on a distal portion of the balloon catheter and

a peelable protective sheath disposed over the balloon holding the balloon in a folded
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configuration with or without compressing the balloon; (2) peeling a distal portion of the
peelable protective sheath away from the balloon catheter to expose an exposed distal portion
of the balloon catheter; (3) inserting the exposed distal portion of the balloon catheter into an
introducer, e.g., by inserting the exposed distal portion through a hemostatic valve disposed
on or otherwise connected to the introducer; (4) peeling an additional portion of the peelable
protective sheath away from the balloon catheter to expose an exposed additional portion of
the balloon catheter; (5) inserting the exposed additional portion of the balloon catheter
through the hemostatic valve and into the introducer; (6) repeating steps (4)—(5) (as desired or
as necessary) until the balloon has entirely passed through the hemostatic valve, i.e., the
peeling may optionally be done incrementally; and (7) peeling and removing any remaining
portion of the peelable protective sheath from the balloon catheter. The peelable protective
sheath, balloon catheter, introducer, hemostatic valve, etc. used in this method may be similar
to and include features of peelable protective sheaths and balloon catheters discussed
elsewhere herein. For example, the peelable protective sheath may optionally include tabs or
other gripping portions similar to those discussed above, except that the tabs are disposed on
the distal end instead of (or in addition to) the proximal end of the peelable protective sheath
to initiate and propagate peeling from the distal end. Also, it is noted that peeling from a
distal end helps prevent the entire peelable protective sheath from being inserted into a blood

vessel (see discussion of these risks above).

[0061] In one embodiment, a method similar to that discussed above involving
peeling the peelable protective sheath from a distal end is used, but the hemostatic valve or
another feature or device is used to propagate the peeling from the distal end as the balloon
catheter is inserted into an introducer and/or a hemostatic valve. For example, the end user
may initially guide tabs at the distal end apart as the end user begins to insert the balloon
catheter into an introducer or hemostatic valve, e.g., on an introducer, then the end user may
be able to push the balloon catheter forward in a way that the tabs of the peelable protective
sheath are forced further apart and propagate the peel without the end user pulling directly on
the tabs. The tabs may be automatically forced apart and the peel propagated by the
introducer and/or hemostatic valve as the end user pushes the balloon catheter through the
introducer and/or hemostatic valve. For example, the edges of the introducer and/or
hemostatic valve may themselves force apart the tabs and separated portions of the peelable
protective sheath and propagate the peel due to the force used by the end user to push the

balloon catheter through the introducer and/or hemostatic valve, without requiring the end
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user to pull the tabs or separated portions. Propagation of the peel may be facilitated by
edges on the introducer and/or hemostatic valve that have been modified or specially adapted
for propagating the peel. In one embodiment, a device with wedge-like edges may be added

or attached to an introducer and/or hemostatic valve to aid in propagation of the peel.

[0062] Optionally, the peelable protective sheaths used in the various methods
disclosed herein may include tabs or other gripping features at both the distal and proximal
ends of the peelable protective sheath to allow initiation and propagation of peeling from
either the proximal end or the distal end or both ends. In one embodiment, the tabs or
gripping features at the distal end of the peelable protective sheath are shorter in length than
the tabs or gripping features at the proximal end of the peelable protective sheath. The tabs or
gripping features at the distal end and/or proximal end may include textured surfaces as
discussed elsewhere herein, including textured surfaces on opposite sides of the tabs or
gripping features. A peelable protective sheath with tabs or gripping features at both distal
and proximal ends may be used both in methods involving peeling from a proximal end and
methods involving peeling from a distal end of the peelable protective sheath. This allows
the end user more flexibility in deciding how to use the peelable protective sheath and insert

the balloon catheter into a blood vessel.

[0063] Additionally the methods disclosed above and elsewhere herein may be
modified by having the end user peel the peelable protective sheath from both the distal end
and the proximal end of the peelable protective sheath. Peeling the peelable protective sheath
from both ends allows the end user to hold the balloon and/or balloon catheter at a single
point somewhere in a mid-region of the balloon or balloon catheter when manipulating or
introducing the balloon catheter into a blood vessel. By peeling both ends to the point where
only a narrow ring-like portion, e.g., 0.5 inches to 3 inches or 1 inch to 2 inches, remains
intact in the mid-region of the balloon and/or balloon catheter, the end user may hold onto the
narrow ring-like portion to manipulate or introduce the balloon catheter into the hemostatic
valve, introducer, and/or blood vessel. Because the narrow ring-like portion has a smaller
inner surface area in contact with the balloon and/or balloon catheter is may be slid
proximally or distally more easily than if the ends had not been peeled, e.g., see discussion
above forces involved in sliding a limited portion of the peelable protective sheath vs. sliding
the entire peelable protective sheath longitudinally or axially along the balloon and/or balloon

catheter.
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[0064] In each of the methods of use discussed above, the peelable protective sheath
aids insertion of the balloon catheter without the end user making direct contact with the
balloon or a bioactive coating on the balloon. Further, since many balloons are long and
flexible, they can be difficult to push into the introducer and/or blood vessel from a location
proximal of the inserted portion of the catheter. The peelable protective sheath adds some
stiffness or rigidity to the balloon and/or balloon catheter thereby making it easier to push the
balloon into the introducer and/or blood vessel. Nonetheless, an end user also has the option

of peeling the entire protective sheath off before insertion of the balloon catheter, if desired.

[0065] In one embodiment, the peelable protective sheath is applied to a balloon
catheter by a manufacturer thereof. Then the balloon catheter and protective sheath assembly
can be safely shipped to an end user. The protective sheath can protect the balloon and any
coating thereon during shipping and until the end user peels the protective sheath from the
catheter. Also, in one embodiment, the peelable protective sheath is provided to the end user,
e.g., a clinician or doctor, separately from the catheter as an optional loading tool that the end
user can choose to add to a balloon catheter to use as an aid in insertion of the balloon

catheter.

[0066] The above protective sheaths, systems, assemblies, methods, etc. have
generally been described as being applied to balloon catheters, e.g., drug-coated balloon
catheters; however, the principles described may be applied to other types of sheaths,
catheters, systems, and assemblies. Further, the features described in one embodiment may

generally be combined with features described in other embodiments.

[0067] While the invention has been described in terms of particular variations and
illustrative figures, those of ordinary skill in the art will recognize that the invention is not
limited to the variations or figures described. In addition, where methods and steps described
above indicate certain events occurring in certain order, those of ordinary skill in the art will
recognize that the ordering of certain steps may be modified and that such modifications are
in accordance with the variations of the invention. Additionally, certain of the steps may be
performed concurrently in a parallel process when possible, as well as performed sequentially
as described above. Therefore, to the extent there are variations of the invention, which are
within the spirit of the disclosure or equivalent to the inventions found in the claims, it is the

intent that this patent will cover those variations as well.
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CLAIMS

What is claimed is:

1. A protective sheath for protecting a balloon of a balloon catheter, comprising:

a tubular body portion comprising polymer molecules aligned parallel to a
central longitudinal axis of the tubular body portion, the tubular body
portion including an inner lumen with an inner diameter only slightly
larger than an outer diameter of the balloon in a deflated, folded
configuration, the tubular body portion configured to hold the balloon in
the deflated, folded configuration without compressing the balloon; and

a first tab extending axially from the tubular body portion, the first tab
including a first textured surface on a first side facing away from the
central longitudinal axis and a second textured surface on a second side

facing toward the central longitudinal axis.

2. The protective sheath according to claim 1, wherein a second tab extends
axially from the tubular body portion, the second tab including a first textured surface on a
first side facing away from the first tab and a second textured surface on a second side facing

toward the first tab.

3. The protective sheath according to claim 1, wherein the tubular body portion

does not include any slit running along its length.

4. The protective sheath according to claim 1, wherein the tubular body portion
includes a slit running partially along a length of the length of the tubular body portion, the
slit beginning at a first end of the tubular body portion proximate the first tab and terminating

before reaching a second end of the tubular body portion.

5. The protective sheath according to claim 1, wherein an inner surface of the
inner lumen is roughened such that the inner surface includes peaks and valleys, wherein the
valleys are configured such that they do not directly contact the balloon while peaks adjacent

to the valleys are configured such that they do directly contact the balloon.

6. The protective sheath according to claim 5, wherein the peaks and valleys are

randomly arranged on the inner surface.
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7. The protective sheath according to claim 1, wherein the polymer molecules

comprise ePTFE molecules.

8. The protective sheath according to claim 1, wherein the tubular body portion
includes a tapered distal end, the tapered distal end configured for insertion through a

hemostatic valve of an introducer.

0. A system for use in angioplasty procedures, comprising:
a balloon catheter including a balloon having an outer surface coated with a
bioactive agent, the balloon having a folded configuration; and
a peelable protective sheath disposed over the balloon, comprising:

a tubular body portion including an inner lumen with an inner diameter
only slightly larger than an outer diameter of the balloon in the
folded configuration, the tubular body portion configured to fit
over the balloon and hold the balloon in the folded configuration
without compressing the balloon; and

a first tab extending axially from the tubular body portion, the first tab
including a first textured surface on a first side facing away from a
central longitudinal axis of the tubular body portion and a second
textured surface on a second side facing toward the central

longitudinal axis.

10. The system according to claim 9, wherein a second tab extends axially from
the tubular body portion, the second tab including a first textured surface on a first side facing
away from the first tab and a second textured surface on a second side facing toward the first

tab.

11. The system according to claim 9, wherein the tubular body portion does not

include any slit running along its length.

12. The system according to claim 9, wherein the tubular body portion includes a
slit running partially along a length of the length of the tubular body portion, the slit
beginning at a first end of the tubular body portion proximate the first tab and terminating

before reaching a second end of the tubular body portion.
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13. The system according to claim 9, wherein an inner surface of the inner lumen
is roughened such that the inner surface includes peaks and valleys, wherein the valleys are
configured such that they do not directly contact the balloon while peaks adjacent to the

valleys are configured such that they do directly contact the balloon.

14. The system according to claim 9, wherein the polymer molecules comprise
ePTFE molecules.
15. The system according to claim 9, further comprising an introducer having a

hemostatic valve, wherein the tubular body portion includes a tapered distal end, the tapered

distal end configured for insertion through the hemostatic valve.

16. A method of introducing a drug-coated balloon catheter into a blood vessel,
comprising:
providing a balloon catheter assembly, comprising:
a balloon catheter including a balloon disposed on a distal portion of the
balloon catheter, the balloon having a folded configuration; and
a peelable protective sheath disposed over the balloon and holding the
balloon in the folded configuration without compressing the balloon;
inserting the distal portion of the balloon catheter assembly through a
hemostatic valve and into an introducer, such that at least a portion of the
balloon and at least a portion of the peelable protective sheath are disposed
within the introducer; and

peeling the peelable protective sheath to remove it from the balloon catheter.

17. The method according to claim 16, wherein the peelable protective sheath
includes a first tab and a second tab extending axially from a main body portion of the
peelable protective sheath, and the inserting a balloon catheter assembly leaves the first tab

and the second tab outside of the hemostatic valve and the introducer.

18. The method according to claim 17, wherein the first tab and the second tab
include textured surfaces facing away from each other and textured surfaces facing toward

each other.

19. The method according to claim 16, wherein peeling the peelable protective

sheath to remove it from the balloon catheter includes peeling a proximal portion of the
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peelable protective sheath while a distal portion of the peelable protective sheath remains
within the introducer, and then sliding the distal portion proximally out of the introducer
before peeling the distal portion, while leaving the at least a portion of the balloon within the

introducer.

20. The method according to claim 16, wherein peeling the peelable protective
sheath to remove it from the balloon catheter includes grasping the first tab and a shaft of the
balloon catheter with one hand, grasping the second tab with a second hand, pulling the

second tab away from the first tab to peel the peelable protective sheath.

21. The method according to claim 16, wherein a distal end of the peelable
protective sheath includes a tapered portion that is tapered from a larger outer diameter to a
smaller outer diameter, and wherein inserting the distal portion of the balloon catheter
assembly through a hemostatic valve includes directing the tapered portion through the

hemostatic valve.

22. A method of introducing a drug-coated balloon catheter into a blood vessel,
comprising:

(1) providing a balloon catheter assembly, comprising:

a balloon catheter including a balloon disposed on a distal portion of
the balloon catheter, the balloon having a folded configuration; and

a peelable protective sheath disposed over the balloon and holding the
balloon in the folded configuration without compressing the
balloon;

(2) peeling a distal portion of the peelable protective sheath away from the
balloon catheter to expose an exposed distal portion of the balloon
catheter;

(3) inserting the exposed distal portion of the balloon catheter through a
hemostatic valve and into an introducer;

(4) peeling an additional portion of the peelable protective sheath away from
the balloon catheter to expose an exposed additional portion of the balloon
catheter;

(5) inserting the exposed additional portion of the balloon catheter through the

hemostatic valve and into the introducer;
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(6) repeating steps (4)—(5) until the balloon has entirely passed through the
hemostatic valve; and
(7) peeling and removing any remaining portion of the peelable protective

sheath from the balloon catheter.

23. A method of manufacturing a peelable protective sheath, comprising:
extruding a tubular body comprising a polymeric material;
cutting one end of the tubular body along a diameter line in a direction along a
limited length of the tubular body to form two semi-circular body portions
of equal size that extend axially from an uncut tubular main body portion;
and
flattening and imparting textured surfaces to a portion of the semi-circular

body portions to form two tabs with textured surfaces.

24. A balloon catheter assembly, comprising:
a balloon catheter including a balloon;
a peelable protective sheath, comprising:

a tubular body portion comprising polymer molecules aligned parallel to a
central longitudinal axis of the tubular body portion, the tubular body
disposed over the balloon; and

a first tab extending axially from the tubular body portion, the first tab

including a first textured surface on a first side of the first tab.

25. The assembly according to claim 24, wherein the tubular body portion
includes an inner lumen with an inner diameter only slightly larger than an outer diameter of
the balloon in a folded configuration, the tubular body portion configured to hold the balloon

in the folded configuration without compressing the balloon.

26. The assembly according to claim 24, wherein the tubular body portion
includes an inner lumen with an inner diameter fitted to an outer diameter of the balloon in a
folded configuration, the tubular body portion configured to hold the balloon in the folded

configuration without compressing the balloon.

27. The assembly according to claim 24, wherein the tubular body portion is
configured to compress a first outer diameter of the balloon in a folded configuration to a

second outer diameter narrower than the first outer diameter in a compressed configuration.
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28. The assembly according to claim 24, wherein the first tab includes a nub on an

end of the first tab.

29. The assembly according to claim 24, wherein the first side faces away from

the central longitudinal axis.

30. The assembly according to claim 29, wherein the first tab includes a second

textured surface on a second side of the first tab facing toward the central longitudinal axis.

31. The assembly according to claim 24, further comprising a second tab
extending axially from the tubular body portion, the second tab including a first textured

surface on a first side of the second tab.

32. The assembly according to claim 31, wherein the first side of the first tab faces
away from the second tab, and wherein the first side of the second tab faces away from the

first tab.

33. The assembly according to claim 32, wherein the first tab includes a second
textured surface on a second side of the first tab, the second textured surface of the first tab
facing toward the second tab, and wherein the second tab includes a second textured surface
on a second side of the second tab, the second textured surface of the second tab facing

toward the first tab.

34. The assembly according to claim 33, wherein the first tab and the second tab

each include a nub protruding therefrom.

-31-



WO 2014/179767 PCT/US2014/036693

1/3

L L g ,'\ ,'\ ]
6 4
Figure 2

2
o, ~
6 /\
4
10—/

Figure 3



WO 2014/179767 PCT/US2014/036693

2/3
2

/

4
22

Figure 4

6A
14 /_/2
\
16
6B 4 22
N\
Figure 5

Figure 6



WO 2014/179767 PCT/US2014/036693

Figure 7

Figure 8



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings

