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METHOD OF FORMING AN lNTRODUCER SHEATH

BACKGROUND

[0001] 1. Technical Field. This invention relates to the field of medical
introducer apparatuses. More particularly, the invention relates to a
method of forming an introducer sheath, and to an introducer sheath
having a crease-free inner diameter formed by the inventive method.
[0002] 2. Background Information. Numerous advances of considerable
note have occurred in medical surgical techniques over the last few
decades. Among the most significant advances has been the adoption,
and now-routine performance, of a variety of minimally invasive
procedures. Such procedures include angioplasty, endoscopy,
laparoscopy, and arthroscopy, as well as numerous other diagnostic and
therapeutic operations. These minimally invasive procedures can be
distinguished from conventional open surgical procedures in that access to
a site of concern within a patient is achieved through a relatively small
incision, into which a tubular device (or tubular portion of a device) is
inserted or intfroduced. The tubular device, or device portion, keeps the
incision open while permitting access to the target site via the interior (i.e.,
the lumen) of the tube.

[0003] Body passageways in which introducer apparatuses have been
used to introduce medical interventional devices and/or liquid
medicaments include the esophagus, trachea, colon, biliary tract, urinary
tract, and virtually all portions of the vascular system, among others. One -
particularly significant example of a minimally invasive technique involves
the temporary or permanent implantation of a medical interventional
device, such as a stent, into a body passageway of a patient. Other
examples involve the transmission of a liquid medicament to a target area,
and/or the withdrawal of body fluid from the body passageway.
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[0004] When carrying out these, and other, desired techniques,
communication with the passageway is typically attained by inserting an
access device, such as an introducer sheath, into the body passageway.
One typical procedure for inserting the introducer sheath is the well-known
Seldinger percutaneous entry technique. In the Seldinger technique, a
needle is initially injected into the passageway, such as a vessel, and a
wire guide is inserted into the vessel through a bore of the needle. The
needle is withdrawn, and an introducer assembly is inserted over the wire
guide into the opening in the vessel.

[0005] Typically, the introducer assembly includes an outer introducer
sheath, and an inner dilator having a tapered distal end. The tapered end
of the dilator stretches the opening in the vessel in controlled fashion, so
that introduction of the larger diameter introducer sheath may then be
carried out with a minimum of trauma to the patient. Following satisfactory
placement of the introducer sheath, the dilator is removed, leaving at least
the distal portion of the larger diameter introducer sheath in place in the
vessel. The interventional device, such as a stent, etc., or the liquid
medicament may then be passed through the introducer sheath for
delivery to the target site.

[0006] Historically, percutaneous insertion techniques were problematic,
due in large part to the lack of flexibility and/or kink resistance of the
sheath. Early sheaths were generally formed of a relatively stiff
fluoropolymer, such as polytetrafiuoroethylene (PTFE) or fluorinated
ethylene propylene (FEP). The sheaths were typically of thin-walled
construction, and were prone to kinking, particularly when threaded
through tortuous pathways within the body. Increasing the thickness of the
sheath only minimally improved the kink resistance of the sheath. At the
same time, the added thickness occupied valuable space in the vessel,
thereby minimizing the diameter of the interventional device that could be

passed therethrough. In addition, increasing the thickness of the sheath
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necessitated the use of a larger entry opening than would otherwise be
required.
[0007] A kinked sheath is essentially unusable, and generally cannot be
straightened while positioned in the body of the patient. Consequently,
once a sheath kinks, the sheath must be removed, leaving an enlarged,
bleeding opening which typically cannot be reused. Access to the vessel
must then be re-initiated at an alternative site, and the process repeated
with a new sheath. In many cases, a suitable alternative site is not
available, and the percutaneous procedure must be abandoned altogether
in favor of a different, and often more intrusive, technique.
[0008] In recent years, intfroducer sheaths have been improved in order
to enhance their flexibility and kink resistance. Such sheaths are now
routinely used to percutaneously access sites in the patient's anatomy that
previously could not be accessed with existing sheaths, or that could be
accessed only upon the exercise of an undesirable amount of trial and
error, with the concomitant discard of sheaths whose placement had been
unsuccessful.
[0009] Many newer sheaths exhibit a much higher degree of kink
resistance than was achievable with prior art sheaths. One example of a
flexible, kink resistant introducer sheath is described in U.S. Patent No.
5,380,304. The sheath described in this patent includes a lubricious inner
liner having a helical coil fitted over the liner. An outer tube is connected to
the outer surface of the liner through the coil turns. The coil reinforcement
imparts kink resistance to this thin-walled sheath through a wide range of
bending.
[0010] U.S. Patent Publication No. 2001/0034514 discloses an
introducer sheath similar in many respecis to the sheath of the '304 patent.
The sheath in the patent publication is formed such that the proximal end
of the sheath has a higher stiffness, while the distal end has a lower
stiffness. Since the distal portion of the sheath has a lower stiffness (and
therefore is more flexible) than the proximal portion, the sheath is able to
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traverse portions of the anatomy that would have been difficult, if not
impossible, to traverse with stiffer sheaths. Since the proximal portion has
a higher stiffness (and is therefore less flexible) than the distal portion, the
sheath maintains the trackability to traverse tortuous areas of the anatomy.
This presence of the coil reinforcement also enables this sheath to be kink
resistant through a wide range of bending angles.

[0011] U.S. Patent No. 6,939,337 discloses a sheath having a coil
reinforcement, as well as a braid reinforcement positioned over (i.e.,
radially outwardly of) at least a length of the coil. This sheath utilizes a coil
for the purposes of providing kink resistance in the same manner as the
'304 patent and the patent publication recited above, and also includes a
braid to enhance torqueability and pushability of the sheath. Each of the
patent references cited above is incorporated herein by reference.

[0012] The development of introducer sheaths, such as those described
above, has revolutionized the practice of medicine. In particular, this
development has enhanced the ability of the physician to introduce
medical interventional devices and liquid medicaments into target sites that
had previously been difficult, if not impossible, to reach without the
necessity of carrying out much more intrusive open surgical operations.
The percutaneous methods described are generally less expensive than
the open surgical methods previously employed, are less traumatic to the
patient, and typically require a shorter patient recovery time.

[0013] Notwithstanding the benefits that have been achieved by the use
of such introducer sheaths, new challenges continue to be faced. For
example, as noted above, introducer sheaths are frequently introduced into
the body passageway in combination with a tapered inner dilator. In many
cases, the introducer sheath is provided with a tapered distal end that
corresponds, in some fashion, to the taper of the dilator. This relationship
is intended to minimize the transition between the dilator and introducer
sheath upon insertion of the sheath through the percutaneous opening,
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thereby further minimizing the trauma experienced by the patient upon
insertion.

[0014] Many typical introducer sheaths, such as the sheaths described
in the incorporated-by-reference patents, may include a lubricious inner
liner formed of a relatively stiff fluoropolymer, such as PTFE. The
reinforcement, e.g., the coil and/or braid, is fitted over the liner, and the
outer tube, formed of a more flexible polymer, such as a polyether block
amide, nylon, or polyurethane is fitted over the liner. The entire assembly
is typically placed in a heat shrink enclosure, and heated in an oven. The
outer surface material melts and bonds to the outer surface of the inner
liner through the coil turns, or the filaments of the braid.

[0015] Typically, such sheaths have a constant, or substantially
constant, inner diameter extending virtually the entire length of the sheath,
from the proximal end to the distal tip area. However, as stated above, in
some cases it is desired to taper the distal tip to correspond to the taper of
the dilator. In this event, the distal tip portion of the sheath is generally
placed in a heated die that gradually reduces the diameter of the distal tip
to the desired taper. Since the inner liner is generally formed of a higher
melting material (e.g., PTFE) when compared to the material of the outer
jacket (e.g., a polyether block amide), the liner does not melt flow in the die
in the nature of the outer jacket under the conditions in the die. As a
result, as the diameter of the sheath decreases upon tapering, creases or
wrinkles are prone to form along the inner diameter of the liner.

[0016] It is desired to overcome the problems of the prior art by
providing a method of forming an introducer sheath having a tapered distal
tip formed by the inventive method, wherein the inner diameter of the
sheath is substantially free of wrinkles and creases at the tapered distal tip
portion. It is also desired to provide an introducer sheath having an inner

liner substantially free of wrinkles and creases.
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BRIEF SUMMARY

[0017] The problems of the prior art are addressed by the method and
device of the present invention.

[0018] In one form thereof, the invention comprises a method of forming
an introducer sheath having a tapered distal tip portion. A mandrel is
provided having an outer configuration comprising an elongated body and
a tapered distal tip portion. A generally tubular inner liner comprising a
heat shrinkable fluoropolymer, such as PTFE, is positioned over the
mandrel. The inner liner is heat shrunk to the outer configuration of the
mandrel, in a manner such that the inner diameter of at least the distal end
of the liner is free of creases. A reinforcing member is positioned over a
length of the inner liner, and an outer jacket is positioned over the
reinforcing member and the inner liner. This assembly is heated in a heat
shrink enclosure such that the outer jacket melts and bonds to an outer
surface of the inner liner.

[0019] In another form thereof, the invention comprises a method of
forming an introducer sheath. A mandrel having an elongated body and a
tapered distal tip portion is provided. A polymeric tubular liner having a
first melt temperature is heat shrunk to the outer configuration of the
mandrel. An outer jacket having a second melt temperature, less than the
first melt temperature, is heat shrunk over the liner. A reinforcing member
may be positioned between the liner and the outer jacket.

[0020] In yet another form thereof, the invention comprises an
introducer sheath. An inner liner has a proximal end and a distal end, and
has an inner diameter and an outer diameter. The inner and outer
diameters taper to a distal tip portion that is free of creases. A reinforcing
member is positioned over the inner liner, and an outer jacket is positioned
over the inner liner and the reinforcing member. The outer jacket has a
proximal end and a distal end, and an inner diameter and an outer

diameter. The inner and outer diameters taper to a distal tip portion of the
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outer jacket. The outer jacket is bonded to the outer diameter of the inner

liner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Fig. 1 is a partially sectioned view of a prior art introducer sheath
prior to heating, the sheath being positioned over a mandrel and having a
heat shrink tube positioned thereover,

[0022] Fig. 2 is a partially sectioned view of the prior art introducer
sheath of Fig. 1 after heating;

[0023] Fig. 3 is a partially sectioned view of the prior art introducer
sheath of Fig. 1 after heating, following the removal of the mandrel and
heat shrink fube;

[0024] Fig. 4 is a longitudinal sectional view of a heat shrinkable inner
liner tube fitted over a mandrel, prior to shrinkage;

[0025] Fig. 5 is a longitudinal sectional view of the heat shrinkable inner
liner tube of Fig. 4 fitted over the mandrel following shrinkage of the distal
tip portion;

[0026] Fig. 6 is a longitudinal sectional view of one embodiment of an
introducer sheath formed according to the inventive method, shown
positioned over a mandrel; and

[0027] Fig. 7 is a side view of an introducer sheath formed according to
the present invention, and illustrates a dilator extending through the inner

diameter of the sheath.

DETAILED DESCRIPTION OF THE DRAWINGS AND THE
PRESENTLY PREFERRED EMBODIMENTS ‘

[0028] For the purposes of promoting an understanding of the principles
of the invention, reference will now be made to the embodiments illustrated
in the drawings, and specific language will be used to describe the same.
It should nevertheless be understood that no limitation of the scope of the
invention is thereby intended, such alterations and further modifications in
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the illustrated apparatus, and such further applications of the principles of
the invention as illustrated therein being contemplated as would normally
occur to one skilled in the art to which the invention relates.

[0029] In the following discussion, the terms "proximal" and "distal" will
be used to describe the opposing axial ends of the inventive sheath, as
well as the axial ends of various component features. The term "proximal”
is used in its conventional sense to refer to the end of the sheath (or
component thereof) that is closest to the operator during use of the sheath.
The term "distal" is used in its conventional sense to refer to the end of the
sheath (or component thereof) that is initially inserted into the patient, or
that is closest to the patient during use.

[0030] It is now well-known to form an introducer sheath by heat
shrinking an outer polymeric layer onto an inner liner formed of a lubricious
material, such as a fluoropolymer. When a reinforcing member, such as a
coil or a braid, is to be included in the sheath, the outer polymeric jacket is
heat shrunk onto the roughened outer surface of the inner liner through the
turns of the coil, or the filaments of the braid.

[0031] Figs. 1 and 2 depict a partially sectioned view of a sheath
undergoing formation by a prior art process, in this case, the heat shrink
process described in U.S. Patent No. 5,380,304. In this non-limiting

" example, the sheath includes a flat wire helical coil reinforcement. The

infroducer sheath being formed includes an inner liner 104 formed of the
fluoropolymer PTFE, a flat wire coil reinforcement 110, and an outer
polymeric jacket 120. An elongated mandrel 125 of constant outer
diameter extends through the inner liner. The outer diameter of the
mandrel is substantially the same as, or slightly larger than, the inner
diameter of the liner. A heat shrink tube 130 is positioned over outer jacket
120.
[0032] Fig. 1 illustrates the relative position of the sheath components
prior to heat shrinking in the oven. Due to the presence of the coil radially
positioned between the inner liner 104 and the outer polymeric jacket 120,
8
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a longitudinal space 108 extends between the inner liner and the outer
jacket. Fig. 2 illustrates the components after heating in the oven. As may
be observed in Fig. 2, the outer polymeric jacket 120 has melted and
flowed into this longitudinal space, and bonded to the outer surface 106 of
the inner liner 104 between the spaces of the coil. Outer surface 106 has
previously been roughened by conventional procedures, such as chemical
etching, to enhance the strength of the bond. Heating the entire assembly
"shrinks" the heat shrink tube, such that a radial force is exerted on melted
outer jacket 120 to effect the configuration shown in Fig. 2.
[0033] Following the heat shrink application, the mandrel is removed
and the heat shrink tube is cut away from the sheath. One example of a
prior art introducer sheath 100 resulting from this process is shown in Fig.
3. If desired, an extended distal tip may be applied to the sheath. Due to
the presence of the elongated mandrel about which the sheath is heated,
the resulting prior art sheath is provided with a passageway 103 having an
inner diameter that is substantially constant from one end of the sheath to
the other. If desired, the proximal end 105 can be flared by well-known
means.
[0034] [n some instances, it is desirable to provide a sheath having a
tapered distal tip portion, and a tapered inner diameter formed thereby in
the distal direction. Having a taper at the distal tip portion provides a
generally smooth transition between the respective outer diameters of the
distal end of the sheath and the tapered dilator. This arrangement
facilitates entry of the dilator and sheath into the body passageway in
substantially non-traumatic fashion.
[0035] In order to form a taper on a prior art sheath such as that
described above, the distal tip of the sheath is typically inserted into a
suitably-shaped heated die. Upon heating, the distal tip assumes the
particular shape imparted in the die. When in the die, the lower melting
outer polymer (e.g., polyether block amide, nylon, polyurethane) melts, and
is formed into the desired shape. Under normal heat shrink conditions for
9
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forming such sheaths, the higher melting inner liner (e.g., PTFE) does not
melt flow under the conditions in the die. As the inner liner material is
shape-compressed in the die to form the smaller diameter taper, the
excess liner material not needed for the taper results in the formation of
wrinkles or creases along this length of the liner.
[0036] The inner diameter of the fluoropolymer material of the inner liner
is typically very lubricious (i.e., slippery), and has a low coefficient of
friction. As a result, this surface allows passage therethrough of the
medical interventional device and/or fluid with a minimum of resistance.
However, the presence of wrinkles or creases may be disruptive of such
free passage or flow in some instances. Surfaces may be created that
obstruct the passage of the interventional device, or that may be
susceptible to clotting or otherwise hindering the free flow of fluids.
Desirably, the inner diameter of such sheaths would be structured such
that the smooth texture of the inner diameter extends the length of the
sheath, without the presence of such wrinkles or creases at the tapered
distal portion of the sheath.
[0037] The inner diameter of the liner of the sheath formed by the
inventive method avoids the wrinkles or creases that may otherwise be
present in the prior art sheaths. Unlike the prior art structure, in this case,
the fluoropolymer used as the inner liner, such as PTFE, has been suitably
treated to impart heat shrink recovery properties to the inner liner. Such
properties enable the inner liner to shrink upon application of heat to
assume the shape of the underlying substrate (mandrel). Heat shrink
fluoropolymers are known in the art, and are commonly employed over a
substrate for abrasion protection, waterproofing, and for the application of
a tight, protective coating to the substrate.
[0038] Those skilled in the art will appreciate that heat shrinkable PTFE
tubing may be formed by radially expanding, or stretching, a tubular length
of PTFE to an inner diameter of, for example, about two to four times the
inner diameter of the original PTFE tube. The radially stretched tube is

10
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then placed on a mandrel, and exposed to heat and pressure. Upon
cooling of the tube and removal of the mandrel, the PTFE tube retains the
new, expanded inner diameter. Those skilled in the art can determine an
appropriate amount of heat and pressure required to expand a particular
fluoropolymer taking into consideration factors such as the melting point of
the fluoropolymer, and the thickness and configuration of the tube.
[0039] Heat shrink fluoropolymers are capable of shrinking to recover
their original diameter, or alternatively, shrinking to the diameter of an
underlying substrate (such as a mandrel), upon exposure to heat. The
amount of heat necessary to initiate shrinkage will, once again, vary with
the particular fluoropolymer, and is also dependent upon factors such as
the thickness and configuration of the tube. Most fluoropolymers,
however, have a shrinkage temperature within a general range for that
particular fluoropolymer. Heat shrink PTFE, for example, typically shrinks
at a temperature of about 650°F (340°C). Heat shrink FEP typically
recovers its original diameter at a temperature of about 420°F (215°C).
[0040] In addition to forming heat shrinkable fluoropolymer tubing by
known means, such tubing may also be obtained from commercial
sources. One such source is Zeus Industrial Products, Inc., of
Orangeburg, South Carolina. Commercial vendors are typically capable of
providing fluoropolymer heat shrink tubing in a variety of lengths,
thicknesses and diameters, and that has a shrink temperature appropriate
for the intended use.
[0041] The inventive method for forming an introducer sheath will now
be described. An important feature of the inventive method is the use of
an inner liner formed of a heat shrinkable fluoropolymer tube. The use of
the heat shrinkable fluoropolymer liner enables the liner to shrink upon
application of heat, thereby forming a tight fit wherein the fluoropolymer
assumes the shape of a mandrel inserted through the fluoropolymer tube.
[0042] Fig. 4 is a sectional view of a heat shrink fluoropolymer tube 50
positioned over a mandrel 60. Tube 50 is of a conventional wall thickness
11
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for use as an inner liner in an introducer sheath, such as about 0.0005 to
about 0.003 inch (0.013 to 0.076 mm). The inner diameter of tube 50 is
also of conventional size for an introducer sheath, such as between about
4 and 20 French. '
[0043] The lubricious PTFE material presents a slippery inner surface to
allow easy insertion and withdrawal of the medical interventional device.
The inner surface is also smooth and nonporous for minimizing the
formation of blood clots and other thrombi thereon. The wall of the inner
liner 50 has sufficient radial rigidity to prevent the reinforcing member
(such as a coil) from protruding into the inner sheath passageway.
[0044] Mandrel 60 is typically formed of a material, such as stainless
steel, that is capable of withstanding the temperatures utilized for shrinking
tube 50, as described herein. The mandrel will have been pre-shaped by
conventional means, such as grinding, laser cutting, etc., such that its
outer diameter has a tapered distal tip 62 that tapers to distal end 64.
Mandrel tapered tip 62 and distal end 64 may be formed to have any
tapered configuration desired, which configuration will typically be selected
based upon the particular tapered configuration desired for the resulting
sheath. |
[0045] Fig. 5 illustrates inner liner tube 50 following the application of
heat. If liner 50 is formed of heat shrinkable PTFE, the tube and mandrel
are placed in an oven and exposed to a temperatures of about 650°F
(340°C). As illustrated, the distal portion 52 of tube 50 shrinks to assume
the configuration of the mandrel. Utilizing the heat shrink tube composition
enables the inner diameter of distal portion 52 to taper as shown so that it
tightly conforms to the shape of the mandrel, thereby avoiding the
formation of wrinkles or creases that might otherwise be formed if the liner
was not capable of heat shrinking along the mandrel.
[0046] Following preparation of the inner liner 50 as described,
introducer sheath 10 may now be assembled. Those skilled in the art will
appreciate that many techniques are available for forming a sheath, such
12
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as the sheaths described in the incorporated-by-reference patent
documents. Many of these techniques may be appropriate for use with the
tapered liner described above.
[0047] Fig. 6 depicts a longitudinal cross-sectional view of one
embodiment of introducer sheath 10 formed according to the inventive
method, shown positioned over mandrel 60. As illustrated, introducer
sheath 10 includes inner liner 50, a reinforcing member 20 fitted around
inner liner .50, and a polymeric outer jacket 30 mechanically connected to a
roughened outer surface 56 of inner liner 50.
[0048] Once the tapered distal tip 52 of inner liner (tube) 50 as shown in
Fig. 5 is formed, the mandrel and liner 50 are cooled, whereupon the
mandrel and liner are ready for further processing. The reinforcing
member (e.g., a coil and/or a braid) may be wrapped, compression fitted,
or otherwise positioned over the cooled inner liner and mandrel in any well
known manner. Sheath reinforcing members, such as coils and braids, are
well known in the medical arts. Reinforcing members are typically formed
of many possible compositions (such as metals, metal alloys, etc.) and can
be formed herein to have virtually any cross-sectional shape, thickness,
pitch, compression, etc., common in the art. For purposes of illustration
only, the following discussion describes the use of a flat wire coil
reinforcement 20 having a generally constant pitch, and uniform spacing
between adjacent coil turns. Further details of the use and placement of
reinforcements in an introducer sheath are also provided in the
incorporated-by-reference patent documents.
[0049] The tubular outer jacket 30 is then slid or otherwise positioned
over the coil 20. This step is similar to that illustrated in Fig. 1, wherein
reference is made to the formation of the prior art sheath depicted in that
figure. Once again, the outer jacket can be formed of any material (e.g.,
an extrudable thermoplastic material such as polyether block amide, nylon,
or polyurethane) commonly used for such purposes in the medical arts,
and that is capable of melting as described herein. When outer jacket 30
13
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is positioned as described, the entire assembly comprising the mandrel 60,
inner liner 50, coil 20 and outer jacket 30 is placed in a heat shrink
enclosure, such as FEP, and oven heated to a temperature of, for
example, about 365°F (185°C). As the heat shrink enclosure shrinks upon
the application of heat, the heated outer jacket 30 melts. Outer jacket 30 is
then compressed by the shrinking FEP enclosure between the turns of the
coil 20 to mechanically connect with roughened surface 56 of inner liner
50. The heat formable outer jacket material is self-leveling, which provides
a uniform outer diameter surface for the sheath 10.
[0050] Following heating, the contents are removed from the oven, and
allowed to cool. The heat shrink tube is then split from the sheath, and the
mandrel is removed.
[0051] Although it is believed to be more convenient to form the liner by
utilizing an inner liner that includes the heat shrink material along its entire
length, this is not necessary in all instances. All that is required is that the
distal, tapered portion of the liner is formed from the heat shrink material.
Due to the relative configurations of the mandrel and inner liner throughout
most of their respective lengths, no shrinkage of the inner liner length is
typically necessary, other than at the tapered distal tip portion as
described. For ease of manufacture, however, and perhaps to provide
more integrity to the inner liner, it is believed more suitable fo use a single
heat shrinkable liner composition throughout its length.
[0052] The dimensions (for example, the thickness) of the various
elements mentioned above should be selected in view of the proposed use
of the introducer sheath 10. The selection of such dimensions will lie
within the level of skill in the art, once benefit of the present disclosure is
had. While a modest amount of trial-and-error may be needed to obtain
optimal dimensions, it is believed that any required experimentation will not
be undue. For example, introducer sheath 10 may be formed to have a
length between about 40 and 125 cm. Generally, the lengths of inner liner
50 and outer jacket 20 are the same.
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[0053] Routine additional features, such as hydrophilic coatings,
radiopaque markers, side ports, etc., often provided on introducer sheaths
may be incorporated in well-known fashion. In addition, the sheath can be
formed by well known procedures to include one or more segments along
its length that differ in flexibility from other segments. Typically, this is
accomplished by forming the outer jacket of one or more segments of
different durometer, generally aligned in order of decreasing durometer
(e.g., increased flexibility) from the proximal end to the distal end of the
sheath.

[0054] Fig. 7 illustrates a side view of the inventive introducer sheath 10
formed by the inventive process ready for insertion into a bodily
passageway. Introducer sheath 10 has a tapered distal ip portion 12 that
tapers to sheath distal end 14. Proximal end 15 may be flared as shown.
In this figure, a conventional dilator 18 is passed through the inner
diameter defined by sheath inner liner 50. Typically, dilator 18 also
includes a tapered distal end 19 for ease of entry into a body opening. The
transition between sheath distal end 14 and dilator 18 can be formed to
have any configuration desired in order o minimize trauma to the patient
upon insertion of the dilator and sheath into the body opening. Dilators for
such use are well known in the medical arts, and a skilled artisan can
readily select a dilator having appropriate dimensions and composition for
a particular purpose.

[0055] The discussion above primarily discussed the use the heat
shrinkable fluoropolymer PTFE. PTFE is commonly used in such sheaths
as an inner liner composition, and therefore, it is believed that the process
of the present application will have greatest application to a sheath having
a PTFE liner. Nonetheless, other sheath shrinkable compositions, such as
FEP (fluorinated ethylene propylene) and PFA (perfluoroalkoxy), may be
appropriate for a particular use. Those skilled in the art will appreciate that

when other components are used, the heat shrink temperature will be
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adjusted in routine fashion to account for the meit flow properties of that
particular component.

[0056] The details of the construction or composition of the various
elements of the introducer sheath 10 of the present invention not otherwise
disclosed are not believed to be critical to the present invention, so long as
the recited elements possess the strength or mechanical properties
needed for them to perform as disclosed. Many such details not described
herein are recited in detail in the incorporated-by-reference patent
documents. Additional details of construction are believed o be well within
the ability of one of ordinary skill in the art.

[0057] It is therefore intended that the foregoing detailed description be
regarded as illustrative rather than limiting, and that it be understood that it
is the following claims, including all equivalents, that are intended to define

the spirit and scope of this invention.
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CLAIMS

1. A method of forming an introducer sheath having a tapered
distal tip portion, comprising:

providing a mandrel having an outer configuration comprising an
elongated body and a tapered distal tip portion;

providing a generally tubular inner liner comprising a heat shrinkable
fluoropolymer, said inner liner having an inner diameter; and heat shrinking
the inner liner over the mandrel such that said inner diameter shrinks to the
outer configuration of the mandrel;

positioning a reinforcing member over a length of the inner liner;

positioning an outer jacket over the reinforcing member and the
inner liner; and

heating an assembly comprising said inner liner, reinforcing
member, and outer jacket, such that said outer jacket bonds to an outer
surface of said inner liner.

2. The method of claim 1, wherein said fluoropolymer comprises
polytetrafluoroethylene (PTFE).

3. The method of claim 2, wherein said PTFE inner liner is heat
shrunk over said mandrel at a temperature of about 650°F (340°C).

4. The method of claim 2, wherein said reinforcing member
comprises a coil having a plurality of coil turns, and wherein said outer
jacket bonds to said inner liner through said coil turns.

5. The method of claim 4, wherein said assembly is heated in a
heat shrink enclosure.

6. The method of claim 5, wherein said enclosure comprises
fluorinated ethylene propylene (FEP).

7. The method of claim 4, wherein said outer jacket comprises a
thermoplastic material selected from the group consisting of polyether

block amide, nylon, and polyurethane.
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8. The method of claim 4, wherein said outer jacket comprises a
plurality of jacket segments, said segments aligned in order of decreasing
durometer from a proximal end to a distal end of said outer jacket.

9. A method of forming an introducer sheath, comprising:

providing a mandrel comprising an elongated body and a tapered
distal tip portion;

heat shrinking a polymeric tubular liner to the outer configuration of
the mandrel, said liner having a first melt temperature; and

heat shrinking an outer jacket over the liner such that the outer
jacket bonds to an outer surface of the liner, said outer jacket having a
second melt temperature, the second melt temperature being less than the
first melt temperature.

10. The method of claim 9, wherein said polymeric tubular liner
comprises heat shrinkable polytetrafluoroethylene (PTFE).

11.  The method of claim 10, wherein said first melt temperature is
about 650°F (340°C).

12.  The method of claim 10, further comprising the step of
positioning a reinforcing member over the polymeric tubular liner prior to
heat shrinking the outer jacket.

13.  The method of claim 12, wherein said reinforcing member
comprises a coil having a plurality of coil turns, and said outer jacket is
bonded to said liner outer surface through said coil turns.

14.  The method of claim 10, wherein said outer jacket comprises
a polyether block amide, nylon or polyurethane.

16.  The method of claim 12, wherein said outer jacket is heat
shrunk over the mandrel by placing the mandrel, liner, reinforcing member,
and outer jacket in a heat shrink enclosure formed of FEP, and wherein
said second melt temperature is about 365°F (185°C).

16.  Anintroducer sheath, comprising:

an inner liner having a proximal end and a distal end, said inner liner
having an inner diameter and an outer diameter, said inner and outer
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diameters tapering to a distal tip portion of said inner liner, said inner
diameter taper being free of creases therealong;

a reinforcing member positioned over said inner liner; and

an outer jacket having a proximal end and a distal end, said outer
jacket having an inner diameter and an outer diameter, said inner and
outer diameters tapering to a distal tip portion of said outer jacket, said
outer jacket positioned longitudinally around said reinforcing member and
said inner liner, and bonded to said outer diameter of said inner liner.

17.  The introducer sheath of claim 16, wherein said inner liner
comprises heat shrinkable PTFE.

18.  The introducer sheath of claim 17, wherein said reinforcing
member comprises at least one of a coil and a braid.

19.  The introducer sheath of claim 18, wherein said outer jacket
comprises a polyether block amide, nylon, or polyurethane.

20. The introducer sheath of claim 16, wherein said inner liner
having said crease-free inner diameter comprises PTFE, said reinforcing
member comprises a helical coil with a plurality of substantially equally
spaced coil turns, and said outer jacket is bonded to said inner liner
through said coil turns, said outer jacket proximal end having a higher
durometer than said outer jacket distal end.
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