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(57) Abstract: Disclosed is an expandable transluminal sheath, for in-
troduction into the body while in a first, small cross-sectional area con-
figuration, and subsequent expansion of at least a part of the distal end
of the sheath to a second, enlarged cross-sectional configuration. The
sheath is configured for use in the upper vascular system and has utility
in the introduction and removal of therapeutic or diagnostic micro-
catheters. The access route-- is through the femoral arteries or the iliac
arteries to the cerebrovasculature. The distal end of the sheath is main-
tained in the first, low cross- sectional configuration during advance-
ment to the cerebrovasculature. The distal end of the sheath is subse-
quently expanded using a radial dilatation device, which is removed pri-
or to the introduction of microcatheters. The sheath can be inserted in a
first, small cross-sectional configuration, be expanded diametrically to a
second, larger cross-sectional configuration, and then be reduced to a
diametrically smaller size for removal.
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EXPANDABLE CEREBROVASCULAR SHEATH AND METHOD OF USE

Priority Claim

[0001] This application claims priority under 35 U.S.C. §119(e) to U.S. Provisional
Application No. 61/241,740 filed on September 11, 2009, the entire contents of which

are hereby incorporated by reference herein.

Background of the Invention

Field of the Invention

[0002] The present invention relates to medical devices for percutaneously
accessing the cardiovascular system and, more specifically, accessing the

cerebrovasculature.

Description of the Related Art

[0003] A wide variety of diagnostic or therapeutic procedures involve the
introduction of a device into the vasculature through a percutaneous or open surgical
incision at an access site and then routing the device to a remote location within the
body for therapy or diagnosis at the remote location. Such remote locations within
the body include the neurovasculature or cerebrovasculature. Catheters are routed
to the cerebrovasculature over guidewires, through guide catheters, or both. A
percutaneous technique commonly known for such vascular access is the Seldinger
technique. The Seldinger technique involves using a hollow needle to puncture the
skin and gain access to the selected artery. A guidewire is next placed through the
hollow needle into the selected region of vasculature. The guidewire may be
advanced to a target location in the cerebrovasculature, through either the vertebral
or carotid arteries. The needie is removed and a tapered dilator with a guide
catheter and a central lumen within the dilator is advanced over the guidewire into
the cerebrovasculature. The dilator is next removed, as is the guidewire. The guide
catheter can be advanced all the way, or part way, to the target site. The guide
catheter, following, or without, removal of the guidewire can be used for directing
therapeutic or diagnostic catheters to regions of the cerebrovasculature. These
procedures are especially suited for cerebrovascular aneurysm repair,

thrombectomy, embolectomy, neck bridge placement, stent placement,
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cerebrovascular embolic coil placement, foreign body removal, diagnostic

cerebrovascular catheterization, and the like.

[0004] Following the therapeutic or diagnostic procedure, the sheath is next
removed and hemostasis is established using standard techniques for a vessel

puncture wound.

[0005] Adequate advancement of guide catheters is generally restricted by the
tortuous anatomy of the carotid or vertebral arteries, as well as their small size.
Negotiation of the carotid siphon or basilar artery into the circle of Willis is generally
restricted to small diameter, highly flexible, microcatheters. Guide catheters are
generally unable to negotiate into, or far into, the circle of Willis due to the tortuous

anatomy leading thereto.

[0006] It is desirable to maximize advancement of guide catheters within the
neurovasculature so that the vascular walls are shielded from catheters being placed
therein. A need remains, therefore, for improved access technology, which allows a
guide catheter or sheath to be percutaneously or surgically introduced into the
neurovasculature, further into the circle of Willis, or beyond, than is now possible

using standard guide catheter technology.

Summary of the Inventions

[0007] One arrangement comprises an introducer sheath, or guide catheter,
having a collapsible region, proximate its distal end, with a first, smaller cross-
sectional area and a second, larger cross-sectional area depending on the state of
collapse or expansion. In other arrangements, the introducer sheath or guide
catheter can have a third, smaller cross-sectional area that may substantially be the
same as the first, smaller cross-sectional area or it can be intermediate the first,
smaller cross-sectional area and the second, larger cross-sectional area. The
introducer sheath or guide catheter can comprise a hub and a length of sheath
tubing. The sheath tubing and the hub form an axially elongate structure having a
proximal end, a distal end, a wall, and a lumen extending from approximately the
proximal end to the distal end. In certain embodiments, the sheath tubing has a
proximal section, a central section, and a distal section. In an embodiment, the distal
section can be expandable, or collapsible. The proximal section can be generally,

diametrically, non-expandable. The radially, or diametrically, collapsible introducer
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sheath or guide catheter is suitable for access to the carotid arteries, vertebral

arteries, or the cerebrovasculature distal thereto.

[0008] The expandable sheath can be used to assist with cerebrovascular access
procedures in that it allows for a small diameter, highly flexible, access to the
cerebrovasculature in its first, smaller cross-sectional state. Following advancement
to a target location within the neurovasculature or cerebrovasculature, the collapsible
region of the sheath or guide catheter can be diametrically expanded such that it
retains a substantially uniform cross-sectional lumen from its proximal end to its
distal end. In its enlarged state, with the collapsible distal region having been fully
dilated, the guide catheter can serve as a pathway large enough in size for
introduction of large interventional, therapeutic, or diagnostic devices therethrough.
Interventional neuroradiologists (INR) generally prefer to perform interventional
procedures where the access is percutaneous and does not require a surgical
cutdown. The expandable cerebrovascular guide catheter or access sheath can
reduce procedure time, decrease procedure cost, reduce trauma to the patient, and
improve patient outcomes by advancing further into the cerebrovasculature toward a
target lesion than would have been otherwise possible with a non-expandable
sheath or guide catheter. This extra advancement reduces the risk of distal
embolization or vessel wall damage and increases the ability to route instrumentation

to the target region.

[0009] In some arrangements, the distal section can comprise a polymeric wall
with reinforcing elements that provide a degree of retention of cross-sectional shape.
The distal section can comprise reinforcing elements that provide substantial control
over the shape of the polymeric wall but are easily deformed into a collapsed
configuration upon exposure to external forces such as those imposed by a blood
vessel wall. The distal section can comprise polymeric materials that can be
plastically deformed and do not substantially spring back following dilation. In these
embodiments, the distal end is subject to remodeling by inflation of the expansion

balloon under pressures ranging between 5 and 40 atmospheres.

[0010] In other arrangements, the distal end of the sheath can comprise a flared
component that becomes larger in diameter moving distally. The flared component
can comprise a taper, or it can comprise a taper and a region of relatively constant

diameter affixed or integral to the tapered region at its most distal end. The flared
3
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component can be integral to the distal end of the expandable portion of the sheath,
or it can be affixed thereto. The flared component can be expanded using a balloon
dilator, it can be expanded using self-expansion modalities, or it can comprise self-
expansion with balloon dilator assist. The self-expansion can be due to resilient
spring forces, or due to shape memory forces generated by sheath reinforcement
components fabricated from nitinol, or other shape memory materials. The flared
configuration can facilitate re-capture or removal of instruments, embolic material,
debris, or implantable devices such as percutaneously delivered aortic heart valves.
The expandable, flared region of the sheath can range in length between 1-cm and
10-cm, with a preferred range of 2-cm to 5-cm. In an embodiment, the flared region
can use the same balloon as the rest of the distal expandable region for expansion,

or it can be expanded by a separate balloon.

[0011] In some arrangements, the proximal end of the sheath can comprise a hub
incorporating one or more hemostasis-type valves. The hub can comprise a single
catheter insertion port or it can comprise a plurality of catheter insertion ports. Each
catheter insertion port preferably comprises hemostasis valves, stopcocks, or the like
to prevent blood leakage from the catheter. The hub can further comprise one or
more purge ports, which operably connect to the internal lumen of the hub and are

terminated by stopcocks or other valve.

[0012] In some arrangements, the diametrically or radially expandable elements of
the catheter can be configured as a tube having a plurality of longitudinal folds. The
expandable regions or elements, located in the proximal section, distal section, or
the center section of the sheath or catheter, can be creased into these folds and bent
to form a first, smaller, folded cross sectional area. The expandable regions or
elements can be folded over a central dilator catheter comprising, for example, an
angioplasty-type balloon, a catheter shaft, a balloon inflation port at the proximal
end, a guidewire lumen, and the like. Upon selective inflation of the angioplasty-
type, non-elastomeric, non-distensible, balloon by application of fluid pressure into
an appropriate port on the proximal end of the dilator catheter, the expandable
regions can unfold into a second, larger, cross-sectional shape. The central dilator
catheter can be deflated and removed from the sheath to create a large cross-
section center lumen suitable for the introduction of catheters, delivery catheters,

implantable devices, and the like.
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[0013] In an embodiment, the expandable introducer sheath can comprise a
proximal, expandable section. The proximal expandable section comprises a
composite tubular structure fabricated from an inner polymeric layer of polyethylene,
an outer polymeric layer of polyethylene, and a reinforcement layer sandwiched
between the two polymer layers. The reinforcement layer can comprise a coil of flat,
fully annealed, stainless steel wire with a width of about 0.010 inches, with a range of
0.005 to 0.025 inches, and a thickness of about 0.003 inches, with a range of 0.002
to 0.004 inches. The proximal, expandable region is affixed at its proximal end to a
non-expandable length of sheath tubing of the same or similar inside diameter, or it
is affixed directly to the sheath hub. The distal end of the proximal expandable
region is affixed to a central expandable region that comprises inelastic polymeric
materials. The central expandable region can comprise a membrane of polymers
bonded, welded, or surrounding a braid, or other fabric reinforcing structure that
provides a level of column strength and a level of tensile strength for the central
expandable region. The distal end of the central expandable region is affixed to a
distal expandable region configured similarly to the proximal expandable region
except that the distal expandable region is somewhat weaker so that it is easily
collapsed, following expansion. Transition zones, capable of joining expandable
regions to non-expandable regions, or capable of joining two regions of different
expandability, structurally and functionally affix one sheath tubular region to the next.
The transition zones can comprise plastic welds or welds of the reinforcing layers to
one another. The ftransition zones can comprise mechanical interconnections

between reinforcing layers.

[0014] In another embodiment, the sheath tubing can comprise a proximal region
wherein a reinforcing layer of spring stainless steel ribbon is wound into a coil with a
width of about 0.004 to 0.025 inches and a thickness of about 0.0005 to 0.004
inches. The coil spacing can range between 0.001 inches and 0.050 inches. In
other embodiments, the sheath tubing can comprise a proximal region wherein a
reinforcing layer of metallic or polymeric braid is disposed or embedded within layers
of the polymeric sheath. The braid can comprise, for example materials such as, but
not limited to, PEN, polyester, polyimide, polyamide, stainiess steel, nitinol, tantalum,
noble metal, or the like. The braid materials are preferably elastomeric or have

spring properties.
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[0015] In another embodiment, the sheath can comprise a proximal non-
expandable region and a distal expandable region. The distal expandable region
can comprise between about 5% and 60% of the catheter shaft length.

[0016] The distal, expandable region can comprise a reinforcing layer of malleable
stainless steel ribbon or flat wire wound into a coil with similar dimensions as in the
proximal region. In an alternative embodiment, the entire length, or a substantial
portion thereof, can comprise an additional reinforcing layer, or layers, of braided
material fabricated from materials such as, but not limited to, PEN, polyester,
stainless steel, titanium, nitinol, cobalt nickel alloy, polyamide, polyimide, or the like.
In one arrangement, the reinforcing structure, generally sandwiched between an
outer and an inner layer of polymeric wall, can comprise an inner layer of polymer
overlaid by a first reinforcing braid layer, overlaid by a coil reinforcement, finally
overlaid with an outside layer of polymeric material. In another embodiment, the
inner layer of polymeric material is overlaid by the coil reinforcement, which is
overlaid by the braided reinforcement, which is finally overlaid with the outside layer
of polymeric material. In yet another embodiment, the inner layer of polymeric
material is overlaid by the braided layer, which is overlaid by the coil winding, which
is overlaid by another layer of braid, which is finally overlaid by the outer polymeric
layer. The polymeric layers can comprise materials such as, but not limited to,

fluoropolymer (e.g. PTFE, FEP, PFA), Hytrel, Pebax, Nylon, polyester, and the like.

[0017] In one embodiment, the sheath dilator is configured with a PET balloon
affixed to a Hytrel shaft. The Hytrel shaft can comprise an inner and an outer tube
concentrically disposed with an annulus between the two tubes. The distal end of
the dilator balloon can be affixed to the inner Hytrel tubing. The proximal end of the
dilator balloon is larger in diameter and is affixed to the outer Hytrel tubing in this
embodiment. The outer Hytrel tubing extends just inside the center volume of the
dilator balloon and the annulus between the outer tube and the inner tube is in fluid
communication, operably connected to, the center volume of the dilator balloon. The
annulus is operably in fluid communication with an inflation port integral to, or affixed
to, the dilator hub. In another embodiment, an outer polymer tube, such as the outer
Hytrel tube of the preceding embodiment, can be omitted and the dilator balloon can
comprise a proximal tail that extends proximally to bond and seal within the dilator

hub or sidearm. In this embodiment, the pressurization annulus for the balloon
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resides between the dilator balloon and the inner polymer tube, the pressurization
annulus being operably connected to an inflation port on the dilator hub. The interior
of the inner dilator tube comprises a guidewire lumen suitable for advancing the
entire system over a guidewire. Such guidewires typically are 0.010 to 0.038 inches
in diameter with an exemplary diameter of about 0.014 inches. For a .014 guidewire,
for example, an inner dilator tube inside diameter can range from about .016 to about
.020 inches.

[0018] The sheath can be folded into one or more longitudinally oriented folds and
wrapped around the dilator, with collapsed dilator balloon. The malleable elements
in the proximal and distal expandable regions maintain the configuration of the
system in its collapsed state. An optional outer jacket, which can have attached,
peel-away, tear-away, or removable before use configurations, can be used to
encase part or all of the diametrically collapsed sheath tubing. In other
embodiménts, the sheath can further comprise a thin PET, FEP, PFA, or PTFE tube
over the outside of the sheath. This fluoropolymer outer covering need not be
removed, its function being to protect a soft polyethylene sheath material from hard

vascular deposits such as atheroma.

[0019] Once the expandable introducer sheath or guide catheter has been
advanced so that its distal end reaches to the target area within the vasculature, the
dilator is expanded at pressures of between about 5 and 40 atmospheres, and
preferably between 10 and 30 atmospheres. The dilator is next deflated and
removed from the central lumen of the introduction sheath or guide catheter leaving
the large central lumen open for advancement of therapeutic or diagnostic catheters

therethrough.

[0020] The reinforcement of the expandable regions can comprise wire, preferably
malleable wire. The wire can have a round cross-section, a rectangular cross-
section, a ribbon-like cross-section, or the like. The malleable wire can be bent by a
dilator balloon, tapered dilator, hollow dilator, or the like, into the second, larger
cross-section and the strength of the malleable wire can substantially overcome any

resilient spring-back imparted by the polymeric component of the sheath wall.

[0021] In other embodiments, the wire can have elastomeric properties or shape

memory properties. These embodiments can utilize shape-memory wire,
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pseudoelastic wire, superelastic wire, elastomeric wire, or the like. The wire can be
nitinol, stainless steel, cobalt nickel alloy, or the like. The wire, in its shape-memory
configuration can have an austenite finish temperature (Af) of around 25 to 35
degrees centigrade, preferably between 28 and 32 degrees centigrade so that body
temperature blood causes the wire mesh to be biased to its larger, expanded

configuration.

[0022] In another embodiment, the expandable region can comprise polymeric
encapsulation of a braided, coiled, or otherwise expandable shape memory
reinforcing structure. The reinforcing elements or structure can have shape-memory
characteristics. The sheath is inserted into the patient in its first, small cross-
sectional area. The reinforcing elements are maintained below the martensite start
temperature so that the reinforcing elements are substantially malleable, even at
body temperature (approximately 37°C). The sheath wall is next dilated with the
balloon dilator as described herein. The dilator is next removed and the sheath
becomes host to therapeutic or diagnostic catheters, which are inserted
therethrough. Following removal of the catheters, electricity (AC or DC) can be
applied to lead wires at proximal end of the sheath. The lead wires run substantially
the length of the catheter from the proximal end to the distal end, where they are
operably connected to heaters in the vicinity of the reinforcing elements, or the
electrical leads are operably connected to each end of the reinforcing elements. The
electricity causes Ohmic or resistive heating of the reinforcing elements to above
their austenite finish temperature. The reinforcing structure, having been shape-set
in its small diameter configuration, returns to that small diameter configuration,
bringing the entire expandable sheath wall down with it, to facilitate removal of the
sheath from the patient. An austenite finish temperature of around 42°C can be used
in this application. = The reinforced expandable region can comprise a folded, or

furled, structure that is unfolded, or unfurled to cause expansion.

[0023] The dilator catheter can comprise an inner and outer member. The
materials of the inner member and the outer member can comprise Hytrel, PEEK,
composite, reinforced construction, polyester, polyurethane, polyethylene, or the like.
The catheter hub can be fabricated from materials such as, but not limited to,
polycarbonate, acrylonitrile butadiene styrene (ABS), polyurethane, polyvinyl

chloride, and the like. The dilator balloon can be fabricated from stretch blow-

8



10

15

20

25

30

WO 2011/032038 PCT/US2010/048524

molded polyester polyamide, polyamide, or polyester blends, using materials such

as, for example, Eastman PET 9921 or similar.

[0024] In another embodiment, a coating can be applied to the expandable areas
to generate an inwardly biased, radially oriented contraction force. The expandable
area can be forced to expand radially against the bias force of the coating. Once the
radial expansion force is removed, the expandable area remains biased radially
inward toward its smallest diameter, to which it will travel unless prevented from

doing so.

[0025] The system can comprise radiopacity enhancements to improve
visualization under fluoroscopy. Radiopaque markers can be affixed to the distal
end of the sheath to denote its distal end, the extents of the expandable region or
regions, or even the orientation of the sheath. The radiopagque markers can
comprise bands, braids, or windings of metal such as, but not limited to, tantalum,

platinum, platinum iridium, gold, and the like.

[0026] In certain embodiments of the sheath wall construction, an inner layer of
polymer and an outer layer of polymer sandwich a reinforcing layer. The reinforcing
layer can be a coil of metal such as, but not limited to, titanium, stainless steel,
cobalt nickel alloy, nitinol, tantalum, and the like. The coil is preferably malleable,
with little or no spring properties, and does not exhibit any elastomeric tendencies.
The coil can be fabricated from flat wire with a thickness of 0.0005 to 0.010 inches
and preferably 0.0007 to 0.005 inches. The width of the flat wire can range from
about 0.003 to 0.050 inches and preferably from about 0.005 to 0.010 inches. The
spacing between the coils can, for example range from substantially 0 to
approximately 5 times the width of the coil wire, with an exemplary spacing equal to
about the width of the coil wire. The coils can be fabricated from round stock, flat
stock, or the like. The reinforcement can be sandwiched between the inner layer
and the outer layer of polymeric material, wherein the inner and outer layers can be
bonded or welded to each other through the space between the coils. The inner and
outer polymeric layers can be fabricated from the same or different materials.
Suitable materials for the inner and outer layers include, but are not limited to,
polyurethane, silicone, Hytrel, PEEK, polyethylene, HDPE, LDPE, polyester (e.g.
PET), polyethylene blends, and the like. In yet another embodiment, a plastically
deformable, malleable, or annealed, braid structure can also be used for
9
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reinforcement to beneficially eliminate the need for the malleable coil and permit a
reduction in wall thickness while retaining the tensile strength and torqueability of the
braid. In yet other embodiments, the reinforcement can comprise a stent-like

structure.

[0027] In certain embodiments, the guide catheter sheath shaft can comprise
multiple regions of varying flexibility along the axial length of the shaft. In some
embodiments, the guide catheter dilator shaft can have at least two regions of
different flexibility. In other embodiments, the guide catheter shaft can comprise
three or more (with a practical upper limit of six) regions of different flexibility. In yet
other embodiments, the sheath shaft flexibility can be reduced toward the proximal
end of the guide catheter and increased moving toward the distal end of the guide
catheter. Moving from the proximal to the distal end of the guide catheter shaft, the
flexibility of a given discreet section can be greater than the flexibility of the region
just proximal and adjacent to said discreet section. A guide catheter sheath having a
substantially collapsed, small diameter distal region can exhibit significantly
increased flexibility in that area over its flexibility in non-expandable, or fully
expanded, expandable regions. Such flexibility is especially useful when traversing
tortuous or curved anatomy such as the aortic arch into the brachiocephalic trunk
(innominate arteries). Following such traverse, the guide catheter sheath can be

expanded to create a stiffer, larger diameter structure.

[0028] In other embodiments, the expandable introducer sheath or guide catheter is
configured to be inserted into the femoral or iliac arteries and be routed through the
aorta so that its distal end is within the carotid, or vertebral, arteries. In these
embodiments, the working length of the introducer sheath can be such that the
sheath reaches just proximal to the carotid siphon. In other embodiments, the
working length of the sheath can be such that the sheath reaches well into the circle
of Willis, or beyond to the region of anterior communicating artery, or the middle
cerebral artery. In these embodiments, the working length of the introducer sheath
can range between about 90 and 150 cm with a preferred length of about 100 to 130
cm. The expandable distal region can comprise between about 5 to 40 cm of the
sheath tubing, and preferably between about 10 to 30 cm, leaving the proximal
portion of the sheath tube as a non-deformable, non-collapsible, or non-deflectable
region at the proximal end to facilitate attachment to the sheath hub and to provide

10
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for column strength and torqueability. In one preferred example, the overall
working length is about 120 cm and the expandable distal region is about 20 cm
long. In another preferred example, the overall working length is about 120 cm and
the expandable distal region is about 12 to 15 cm long. In yet another preferred
exam'ple, the overall working length is about 210 cm and the expandable distal
region is about 30 cm long. The system can be fabricated with an outside diameter
of about 6 French or it can be fabricated with an outside diameter of about 7 French.
The diameter tolerance can typically be about plus or minus 0.5 French.

[0029] Another embodiment comprises a method of use in which an expandable
cerebrovascular sheath or guide catheter is provided in an aseptic, or sterile,
package and is sterilized by ethylene oxide, gamma irradiation, electron beam
irradiation, or the like. The patient is prepared in the standard hospital fashion for
surgery and is appropriately draped. A percutaneous needlestick is made into an
iliac or femoral artery using the Seldinger technique described earlier in this
document. A guidewire is advanced through the hollow 18-gauge needle and the
needle is removed. The percutaneous access site can optionally be dilated with an
Amplatz dilator or similar device at this time. The introducer sheath, in its first, small
cross-sectional configuration, with its dilator is advanced over the guidewire and into
the artery where it is advanced through the aorta. The distal end of the introducer
sheath is advanced into a carotid or vertebral artery. In some embodiments, the
introducer sheath is advanced, in its collapsed configuration, through the carotid
siphon and into the circle of Willis or beyond. The introducer sheath is next dilated to
its second, larger cross-sectional configuration, using the pre-inserted dilator or by
other suitable means. The dilator is next removed and any hemostasis valves are
checked for closure at the proximal end of the sheath. Interventional therapeutic
catheters are next advanced through the expandable introducer sheath and toward
their anatomical target. Following completion of the procedure, the interventional, or
diagnostic, catheters are removed from the expandable iliac introducer sheath, again
checking to ensure that there is no hemorrhage from the valves or ports at the
proximal end of the sheath. The sheath is removed from the patient in one of two
ways. In some embodiments, the sheath is withdrawn from the patient without
actively collapsing the sheath but the sheath collapses slightly following removal of

the interventional catheters to ease withdrawal. In other embodiments, the sheath is
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actively reduced in diameter or cross-section and is then withdrawn from the patient.
Hemostasis is maintained using standard hospital technique or by the application of

a commercial percutaneous access hemorrhage control device.

[0030] Various embodiments of the sheath can cause sheath re-collapse, in the
radial, diametric, or cross-sectional directions. In some embodiments, shape-
memory nitinol can be heated to above body temperature to cause restoration to
austenite finish temperature and return to a pre-set, collapsed shape. In other
embodiments, the outer layer of the sheath can be separate from inner layers. The
outer layer of the sheath can preferably comprise substantially non-compliant
material. In another embodiment, it can comprise substantially semi-compliant
materials, or a combination thereof. An inflation port at the proximal sheath hub can
be operably connected to the potential space between the outer layer of the sheath
and the inner layers. Pressurization of the potential space between the outer layer
and the inner layers can preferentially coerce, crush, force, or otherwise move the
inner layers inward to a greater degree. The region of potential space can be a
single chamber or it can comprise a plurality of cambers with heat seals or other
barriers therebetween. Following removal of the pressurization within the potential
space, the collapsed sheath and its now flaccid outer layer can be removed from the
patient. In some embodiments, the space between the now collapsed or refolded
inner sheath and the flaccid outer layer can be evacuated of fluid to collapse the
outer layer to the smallest possible diameter to facilitate removal of the sheath from
the patient. In some embodiments, the outer layer can comprise two layers sealed
to each other such that pressurization occurs between the double walled outer layer.
These embodiments can be useful when it is difficult to seal the outer layer to the
inner layers due to material incompatibilities. Suitable material for the sheath outer
layer can include, but not be limited to, polyester (PET), polyimide, polyamide, or the
like. Wall thicknesses for the outer layer can range from about 0.0002 to 0.001
inches.

[0031] The main reasons for the malleable embodiments include control over cross-
sectional shape, ability to embed the reinforcement in the polymer layers without
needing to create some difficult-to-manufacture decoupling of the polymer and the
reinforcement, the high strength of the sheath following placement, and prevention of
lumen re-collapse caused by body tissue. The ability of this device to remodel to the
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desired shape to generate a superhighway for placement of implants and other
medical devices is superior to anything available today. Furthermore, the device
provides a relatively smooth interior lumen, which allows passage of instruments and
implants of very large size without excessive binding or friction. No other sheath
exists today that has these benefits. The malleable reinforcements embedded within
the sheath are configured to generate sufficient force that they control and maintain
the diameter of the radially collapsed, unexpanded sheath. The malleable
reinforcements are further configured to maintain the sheath in its open, radially
expanded configuration, following dilation with a balloon or other dilator, residing
within the sheath lumen. The structure of the malleable metal reinforcement is
sufficient to overcome, or dominate, any resilient or structural forces exerted by the
polymeric components of the sheath tubing, which generally surround, or encase,
the reinforcement. The structure of the malleable metal reinforcement also is
sufficient to overcome any inwardly biased forces imposed by any tissue through
which the sheath is inserted, such as, for example, muscle mass and fascia lying
between the skin and the femoral or iliac arteries, or stenotic arterial buildup

including thrombus or atherosclerotic plaque.

[0032] For purposes of summarizing the invention, certain aspects, advantages
and novel features of the invention are described herein. It is to be understood that
not necessarily all such advantages may be achieved in accordance with any
particular embodiment of the invention. Thus, for example, those skilled in the art
will recognize that the invention may be embodied or carried out in a manner that
achieves one advantage or group of advantages as taught herein without necessarily
achieving other advantages as may be taught or suggested herein. These and other
objects and advantages of the present invention will be more apparent from the

following description taken in conjunction with the accompanying drawings.

Brief Description of the Drawings

[0033] A general architecture that implements the various features of the invention
will now be described with reference to the drawings. The drawings and the

associated descriptions are provided to illustrate embodiments of the invention and
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not to limit the scope of the invention. Throughout the drawings, reference numbers

are re-used to indicate correspondence between referenced elements.

[0034] Fig. 1 is a front view schematic representation of the human central

circulatory system;

[0035] Fig. 2 is a schematic representation of part of the human

cerebrovasculature, according to an embodiment of the invention;

[0036] Fig. 3A illustrates an expandable introducer sheath system, in its radially
expanded configuration with its dilator catheter in place, according to an embodiment

of the invention;

[0037] Fig. 3B illustrates a balloon dilator for an expandable introducer sheath

system, according to an embodiment of the invention;

[0038] Fig. 3C illustrates the expandable introducer sheath of Fig. 1A in its radially
expanded configuration and with the dilator catheter removed, according to an

embodiment of the invention;

[0039] Fig. 4A illustrates a the distal, expandable end of an expandable introducer
sheath, in its first, unexpanded configuration with a dilator inserted therein, according

to an embodiment of the invention;

[0040] Fig. 4B illustrates the distal end of the expandable introducer sheath of Fig.
4A in its expanded configuration with the dilator having been removed, according to

an embodiment of the invention;

[0041] Fig. 4C illustrates the distal end of the balloon dilator with the balloon in its

inflated configuration, according to an embodiment of the invention;

[0042] Fig. 5A illustrates the proximal end of the expandable sheath dilator in

partial breakaway view, according to an embodiment of the invention;

[0043] Fig. 5B illustrates the proximal end of the expandable introducer sheath or
guide catheter in partial breakaway view, according to an embodiment of the

invention;

[0044] Fig. 6 illustrates an expandable guide catheter or introducer sheath and
dilator, in its first, radially collapsed configuration being advanced across the carotid

siphon, into the cerebrovasculature, according to an embodiment of the invention;

14



10

15

20

25

30

WO 2011/032038 PCT/US2010/048524

[0045] Fig. 7 illustrates the expandable introducer sheath or guide catheter within
the middle cerebral artery of the cerebrovasculature, having been radially expanded

and its dilator removed, according to an embodiment of the invention;

[0046] Fig. 8 illustrates the fully expanded introducer sheath or guide catheter with
a therapeutic microcatheter having advanced through the sheath, according to an

embodiment of the invention;

[0047] Fig. 9A illustrates a lateral cross-section of a distal region of an expandable

arterial sheath comprising a single fold, according to an embodiment of the invention;

[0048] Fig. 9B illustrates a lateral cross-section of a distal region of an expandable
arterial sheath comprising a double fold, according to an embodiment of the

invention;

[0049] Fig. 10A illustrates the guide catheter or introducer sheath having an outer
jacket, in its second, radially expanded configuration with the inflated dilator still in

place, according to an embodiment of the invention;

[0050] Fig. 10B illustrates the guide catheter or introducer sheath comprising the
outer jacket, in its second, radially expanded configuration with the dilator removed,

according to an embodiment of the invention;

[0051] Fig. 10C illustrates the guide catheter or introducer sheath with the space
between the outer jacket and the introducer sheath pressurized to collapse the
introducer sheath distal tube to its third, radially collapsed configuration, according to

an embodiment of the invention;

[0052] Fig. 10D illustrates the guide catheter or introducer distal end with the
space between the outer jacket and the introducer sheath depressurized to collapse

the outer jacket, according to an embodiment of the invention;

[0053] Fig. 11a illustrates a collapsing obturator for use with expandable

introducer sheaths, according to an embodiment of the invention;

[0054] Fig. 11b illustrates the collapsing obturator having been inserted into a
diametrically expanded introducer sheath, and then pressurized to expand two

sealing balloons, according to an embodiment of the invention;

[0055] Fig. 11c illustrates the collapsing obturator within the introducer sheath with

the two sealing balloons inflated and the region between the sealing balloons but
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outside the collapsing obturator depressurized to radially collapse the expandable

introducer sheath tubing, according to an embodiment of the invention;

[0056] Fig. 12a illustrates a forming or re-folding obturator in side view configured
to control the shape of the distal collapsible region of an introducer sheath, according

to an embodiment of the invention;

[0057] Fig. 12b illustrates a cross-sectional view of a forming or re-folding
obturator having a three-pronged profile, according to an embodiment of the

invention; and

[0058] Fig. 12c illustrates a cross-sectional view of a forming or re-folding
obturator having a splayed U configuration, according to an embodiment of the

invention.

Detailed Description of the Preferred Embodiments

[0059] As used herein, the terms proximal and distal refer to directions or positions
along a longitudinal axis of a catheter or medical instrument. Proximal refers to the
end of the catheter or medical instrument closest to the operator, while distal refers
to the end of the catheter or medical instrument closest to the patient. For example,
a first point is proximal to a second point if it is closer to the operator end of the
catheter or medical instrument than the second point. However, the terms
anatomically proximal and anatomically distal refer to orientations within the body. A
point is more anatomically distal if it is further from the heart than a point described

as anatomically proximal.

[0060] Figure 1 is a schematic frontal (anterior) illustration (looking posteriorly) of a
human patient 100 that illustrates components of the central circulation. As shown,
the central circulation generally comprises a heart 102, an aortic bifurcation 104, a
descending aorta 106, an aortic arch 108, an inferior vena cava 114, a superior vena
cava 116, an iliac artery 112, a femoral artery 110, a thoracic aorta 118, a plurality of
carotid arteries 120, 122, and a main cerebrovasculature 124. In this illustration, the
left anatomical side of the body of the patient 100 is toward the right of the

illustration. Figure 1 primarily illustrates components of the central circulation.
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[0061] Referring to Figure 1, the heart 102 is a pump, the outlet of which is the

aorta, including the aortic arch 108, the thoracic aorta 118, the descending aorta

106, and the aortic bifurcation 104, which comprise the primary artery in the systemic
circulation. The circulatory system, which is operably connected to the heart 102
further comprises the return, or venous, circulation. The venous circulation
comprises the superior vena cava 116 and the inferior vena cava 114, which return
blood from the upper extremities and lower extremities, respectively. The iliac
arteries 112 are operably connected to, and receive blood from, the aortic bifurcation
104. The femoral arteries 110, are operably connected to, and receive blood from,
the iliac arteries 112. The veins, which terminate in the superior vena cava 116 and
the inferior vena cava 114, carry blood from the tissues of the body back to the right
heart, which then pumps the blood through the lungs and back into the left heart.
The cerebrovasculature 124 is supplied with blood from major arteries, including the
carotid arteries 120, 122, and the vertebral arteries leading, directly or indirectly,

from the aortic arch 108.

[0062] Pressures within the venous circulation generally average 20 mm Hg or
less. The arteries of the circulatory system carry oxygenated blood (not shown) from
left ventricle of the heart 102 to the tissues of the body 100. The pressures within
the aorta undulate, with a modified triangle waveform, between diastolic pressures of
around 80 mm Hg to a systolic pressure of around 120 mm Hg, sometimes called
120/80. A hypotensive person may have arterial pressure lower than 120/80 mm Hg
and a hypertensive person may have arterial pressures higher than 120/80 mm Hg.
Systolic arterial pressures of about 300 mm Hg, or greater, can occur in extremely

hypertensive persons.

[0063] Figure 2 is a schematic frontal illustration, looking posteriorly from the
anterior side, of the cerebrovasculature 124. The cerebrovasculature 124 corhprises
the internal carotid arteries 202, the vertebral arteries 218, the basilar artery 206, the
posterior cerebral arteries 204, the posterior communicating arteries 210, the middle
cerebral arteries 212, the anterior cerebral arteries 220, and the anterior

communicating artery 216.

[0064] Referring to Figure 2, the cerebrovasculature is generally symmetric and
mirrors about the midline such that the right side is similar to the left side. This

provides redundancy and collateral circulation should a blockage occur within the
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cerebrovasculature, thus ensuring that blood supply still reaches brain tissue. The
formation created by the right and left posterior cerebral arteries 204, the right and
left posterior communicating arteries 210, the right and left anterior cerebral arteries
220, and the anterior communicating artery 216 is called the circle of Willis. Many
neurovascular lesions occur in the region of the circle of Willis, or beyond, so
catheter access to the circle of Willis is essential for performing therapy within the
neurovasculature. Access to the circle of Willis can be performed through the
internal carotid arteries 202 by passing through the tortuous carotid siphon. Access
to the circle of Willis can also be achieved through the vertebral arteries and the
basilar artery 206, then into the posterior cerebral arteries 204 of the circle of Willis.
All access pathways are extremely tortuous and small in diameter and are generally
accessed from a catheter passed up the aorta, through the aortic arch 108 and then

through the innominate artery or carotid arteries 120, 122.

[0065] By accessing the cerebrovasculature through the arterial circulation, the
chance of hemorrhage from the catheter insertion site is minimized by use of
hemostasis valves built into any catheters, sheaths, hollow needles, or introducers
used on the patient. A guidewire is generally of sufficient length that the portion of it
that extends outside the body at its proximal end sufficiently to completely pass a
catheter thereover with some guidewire extending beyond the proximal end of the
catheter. Thus, the guidewire is as long as, or longer than, twice the distance to the
treatment site in the patient 100. The most commonly used guidewire diameter
ranges from 0.008 inches to 0.018 inches for cerebral applications and 0.035 inches
to 0.038 inches or larger for these applications. Guidewires can be PTFE coated to
improve lubricity and can have various types of tip configurations including, but not
limited to, straight, “J”", floppy tip, rigid tip, and the like. Access can be gained
through the iliac artery 112 but preferably, the access can be gained through a
femoral artery 110. In some embodiments, access can also be gained through the

subclavian artery in the shoulder using a somewhat shorter device.

[0066] Fig. 3A illustrates one embodiment of an expandable cerebrovascular
introduction sheath or guide catheter assembly 300. In this arrangement, the guide
catheter assembly 300 can comprise a sheath 302, a dilator 304, and a sheath Y
connector 306. The sheath Y connector 306 further comprises a sideport 350, a
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through port 354 further comprising a hemostasis valve 352, and a male Luer lock
356. The dilator 304 further comprises a purge line 358 terminated by a valve 360.

[0067] Referring to Fig. 3A, the Y connector 306 is either permanently affixed,
removably attached, or integral to, the proximal through port of the hub on the sheath
302. The Y connector 306 comprises the male Luer lock 356 for this purpose, if
removability or exchangeability is required. The purge line 358 is affixed to the valve
360 which can be a stopcock or other type of fluid-tight valve. The purge line 358 is
operably connected to central or through lumen of the dilator (not shown), the central
or through lumen (not shown) being configured to accept an appropriately sized
guidewire. The dilator 304 is slidably inserted through the Y connector 306, which
further comprises a hemostasis type valve. The dilator 304 is advanced through the
lumen of the sheath 302 until it projects slightly out the distal end of the sheath 302
such that the balloon on the dilator 304 extends slightly beyond the distal end of the
sheath 302. The distal, collapsible region of the sheath 302 is now crimped down
around the collapsed balloon on the dilator 304 and the dilator 304 is locked in place
at the proximal end of the sheath 302. This preparation is generally performed at the
manufacturing location, prior to packaging, sterilization, and use. The preparation is

preferably performed in a clean room environment with minimal bioburden.

[0068] The hemostasis valve 352 preferably comprises ports that further comprise,
or are terminated by, hemostasis valves. The hemostasis valves are configured to
prevent hemorrhage from, or air intake into, the lumen of the sheath 302. The
hemostasis valve 352 can comprise between one and 5 elements to form a seal
against nothing inserted into the valve, form a seal against a maximum diameter
object inserted through the valve, and form a seal against anything of intermediate
size inserted through the valve. The hemostasis valve 352 elements can be
fabricated from soft silicone or other elastomer. The hemostasis valve elements can
be coated or impregnated with lubricious coatings such as silicone oil or hydrophilic
layer. The hemostasis valve 352 elements can comprise duckbill valves, pinhole
valves, slit valves, X-slit valves, ring seals, and the like. The hemostasis valve 352

can comprise a Tuohy-Borst valve as all or part of its mechanism.

[0069] Fig. 3B illustrates a side view of the dilator 304 configured for use with the
expandable guide catheter system 300. The guide catheter dilator 304 comprises a

dilator hub 322 further comprising a hemostasis valve 324 and a through port 328.
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The dilator hub 322 further comprises a sideport 326, which is operably isolated from
the through port 328. The dilator 304 further comprises the outer tubing 310, an
optional strain relief (not shown), a length of inner tubing 312, and a dilator balloon
314 further comprising a proximal bond 316 and a distal bond 318.

[0070] The dilator balloon 314 can be bonded, welded, or otherwise affixed to the
dilator catheter tubing 310, 312 by balloon bonds 316, 138, respectively at both ends
of the dilator balloon 314. The dilator balloon 314 is fully deflated, flattened, and
wrapped around the dilator catheter tubing 312 prior to insertion inside the sheath
302. The proximal end of the dilator balloon 314 is bonded to the exterior of the
outer tubing 310. The inner tubing 312 is concentrically disposed within the outer
tubing 310. The concentric tubes 310, 312 are configured with a space or annulus
between the inside diameter (ID) of the outer tubing 310 and the outside diameter
(OD) of the inner tubing such that fluid can pass through this annulus from the
sideport 326 to the inside of the balloon 314. The annulus can comprise a radial
clearance ranging from about 0.002 inches to 0.025 inches with a preferred range of
0.005 to 0.015 inches. The distal end of the dilator balloon 314 is bonded to the
exterior of the inner tubing 312. Thus, pressurized fluid flowing within the annulus
collects and is trapped within the balloon 314, allowing it to pressurize and expand
under control of an operator by means of an inflation device or syringe attached to
the sideport 326 of the hub 322. The dilator balloon 314 can be bonded, or welded,
to the dilator catheter tubing 310 and 312 by application of heat shrink tubing and a
distributed heat source such as a radiant heater, laser bonder, forced hot air system,
or the like. A catheter rotation device, configured to rotate the catheter about its
longitudinal axis, is useful to allow even heating or heat distribution to optimize bond

integrity.

[0071] Referring to Fig. 3B, the dilator balloon 314 can be fabricated from PET,
PETG, polyamide, polyamide, or the like, with wall thickness ranging between 0.001

" to 0.006 inches, and can be capable of containing an internal pressure of 10 to 30

atmospheres, or higher. The dilator balloon 314 can be generally filled with
incompressible fluid such as, but not limited to, saline, radiographic contrast media,
or the like by the operator, through the balloon inflation port 326 integral to, or affixed
to, the dilator hub 322.
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[0072] Fig. 3C illustrates the expandable introduction sheath 302 (in an expanded
configuration), which is part of the sheath/dilator system 300 but with the dilator 304
removed. The introduction sheath 302 comprises a sheath hub 332 further
comprising the through port 336 and a sideport 334, the proximal non-expandable
tubing region 306, the first transition zone 308, the proximal non-expandable region

338, a distal expandable region 340, a transition zone 342, and a strain relief 344.

[0073] The sheath hub 332 is affixed to the proximal end of the non-expandable,
proximal tubing 338. The distal end of the non-expandable tubing 338 is affixed to
the proximal end of the expandable region 340 by the transition zone 342. The hub
332 is also affixed to the proximal end of the strain relief 344, which surrounds and
helps reduce stress on the soft proximal tubing 338 where it exits the hard hub 332.
The through port 336 is operably connected to a through lumen within the different
regions of the sheath tubing 338, 340, 342. There is no operable communication
between the through port 336 and the sideport 334. The sideport 334 is operably
connected to a separate lumen within the hub 332, which is operably connected to a

small, separate lumen or annulus within the proximal sheath tubing 338.

[0074] Referring to Fig. 3C, the expandable introduction sheath 302 is illustrated
with the distal expandable region 340 and the transition zone 342 having been
expanded radially, or diametrically, to their second, larger cross-sectional
configuration. Malleable reinforcing structures (not shown), within the transition zone
342 and the distal expandable region 340 maintain the sheath in its second, larger,
cross-sectional configuration. Preferably, the malleable elements within the distal
expandable region 340 and the transition zone 342 maintain sufficient strength to
overcome resilient forces exerted by the polymeric tubing within which the malleable
elements are embedded. The malleable elements or reinforcing structure is
configured with insufficient strength to overcome the expansion forces of the dilator
balloon 314 of Fig. 3B. The reinforcing elements can comprise structures such as,
but not limited to, spiral windings of flat or round wire, braided elements of polymeric
strands, wire, a mesh structure similar to a stent, a slotted tube with overlapping
longitudinally oriented slots, or the like. The length of the sheath tubing from the
distal end of the sheath hub 332 to the distal end of the collapsible region 340 can
range between about 85-cm and 140-cm with a preferred length of about 95-cm to
about 125-cm. The length is long enough to pass through and beyond other
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commercial guiding catheters and short enough that commercial microcatheters can
be passed therethrough and extended beyond the distal end of the collapsible region
340.

[0075] Fig. 4A illustrates the distal end of the expandable guide catheter system
300 in its first, small cross-sectional configuration. The distal end of the guide
catheter system 300 comprises the compressible region 340, the transition zone
342, the proximal, non-expandable region 338, the dilator balloon 314, and the
dilator inner tubing 312. The compressible region 340 and at least a portion of the

transition zone 342 further comprise the longitudinal fold 400.

[0076] The compressible region, which is also called the expandable region, 340
and the transition zone 342 are illustrated in their first, smaller cross-sectional
configuration. The transition zone 342 forms a taper between the diametrically
collapsed expandable region 340 and the larger, proximal, non-expandable region
338. The introducer sheath/dilator assembly 300 of the illustrated embodiment
comprises the sheath hub 332 (not shown), which is affixed to the proximal end of
the length of proximal non-expandable tubing 338, and the dilator hub 322 (not
shown). The compressible region 340 is surrounded by an outer jacket (not shown),
a thin, non-compliant, flexible structure, which is sealed to inner layers of the
expandable region 340 near the distal end of the collapsible region 340 as well as to
the non-collapsible tubing 338 proximal to the transition zone 342. The outer jacket
(not shown) is delaminated from the inner components of the expandable region 340
such that pressurization of this delaminated region causes collapse of the inner
components. The outer jacket (not shown) is extremely strong and generally, or
substantially inelastic at its rated pressure, and is fabricated from materials such as,
but not limited to, polyimide, polyamide, polyester, irradiated and cross-linked
polyethylene, or the like. The ends of the outer jacket (not shown) are bonded,
welded, or otherwise sealed to the inner layers of the sheath tubing to create a fluid-
tight seal that can be folded and straightened out multiple times, especially at the
distal end, without a failure of the fluid-tight seal. In other embodiments, the outer
jacket (not shown) can comprise two layers, sealed to each other at the ends that
can form a balloon to inward compress the inner layer and the inner layers of the
expandable region 340. The double wall structure can be advantageous in that the

bond seals at the ends may be easier to maintain during folding and unfolding. The
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dilator balloon 314 runs the entire length and slightly beyond the extents of the
expandable region 340. Outer jacket welding to the sheath tubing, dilator balloon
314 to dilator tubing, or both, can be accomplished using shrink tubing to compress
the weld area under heat, a means for imposing heat on the weld area, including, but
not limited to, laser, forced air heater (e.g. hot box), radiant heater, or the like. A
turntable or other rotation system can be used to rotate the sheath or catheter shaft
about its longitudinal axis to improve heat distribution, especially when the heat is in
the form of a jet or source flow such as from a “hot box” or laser. The length of the
jacket or balloon bond can range from about 0.005 to 0.250 inches with a preferred
range of about 0.040 to 0.150 inches.

[0077] The materials used for construction of the inner layers of the distal,
collapsible region 340 and the transition zone 342 include but are not limited to,
Hytrel, polyethylene, PET, LDPE, HDPE, HDPE/LDPE blends, PFA, FEP, PTFE,
polyimide, Pebax, and the like. Hytrel is a thermoplastic elastomer that can be more
easily welded to PET, a material suitable for making the outer jacket (not shown).
Pebax is a block polyamide that is more suitable for bonding or welding to outer

jacket materials made from Nylons or other polyamides.

[0078] Fig. 4B illustrates the distal end of the expandable introduction sheath 302,
which is part of the sheath/dilator system 300, but with the dilator 304 removed. The
expandable region 340 and the transition zone 342 have been fully expanded to their
second, larger, cross-sectional configuration. The introduction sheath 302
comprises the sheath hub 332 (not shown), the proximal non-expandable tubing
region 338, the transition zone 342, and the expandable region 340. The proximal
non-expandable tubing 338 further comprises a separate inflation lumen 404 that
runs longitudinally and operably connects a sheath deflation port on the sheath hub
322 to the delaminated region between the outer jacket and the inner parts of the

expandable region 340.

[0079] Referring to Fig. 4B, the expandable region 340, in some embodiments,
can comprise shape memory elements (not shown) fabricated from nitinol, which is
configured with an austenite finish temperature in excess of body temperature
(normally around 37 degrees centigrade). Thus, the expandable region 340 can be
heated by application of electricity to generate resistive heating and temperature

increase to above the austenite finish temperature. A suitable austenite finish
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temperature can range from 38 to 50 degrees centigrade. Such heating can be
performed at the conclusion of the procedure, following removal of any therapeutic or
diagnostic instruments from the center of the sheath. The sheath will generally be
within the blood stream and not touching any vascular walls. Furthermore, flowing
blood can disperse heat generated by the resistive heating elements so as to
minimize localized heating damage effects to the body. The shape memory
elements can be heat set to a collapsed, small diameter configuration to which they
will be biased following application of resistive heating. The reinforcing structures
can be configured as a braid, a spiral winding, a woven mesh, a slotted tube, or the
like. The reinforcing structures can be heat set in a collapsed, or small, initial
diameter configuration and then be cooled to below martensite finish temperature, at
which point the reinforcing structures can be expanded for coating with a polymer or
other suitable manufacturing process. The reinforcing structures, which can be
fabricated from malleable stainless steel in the preferred embodiment, or from nitinol,
as described herein, can be configured as spiral windings, stent-like structures,

braids, or the like.

[0080] The proximal sheath tube 338, which is affixed at its proximal end to the
sheath hub (not shown), can comprise one or two layers of mesh reinforcement and
a spring-coil reinforcement. The distal sheath tube 340 and the transition zone 342
can further comprise a malleable coil and, optionally, the mesh reinforcement. The
entire sheath tube, which comprises a central lumen (not shown), comprises an
approximately constant inner diameter along its entire length. The approximately
constant diameter is beneficial in that objects of large diameter can be inserted and

advanced completely from the proximal end and out the distal end of the sheath 302.

[0081] In one embodiment, an inner sheath layer is first laid down over a PTFE-
coated stainless steel mandrel (not shown). The sheath inner layer can be
preferably fabricated from lubricious materials such as, but not limited to,
polyethylene, HDPE, LDPE, blends of HDPE and LDPE, PTFE, FEP, PFA, Hytrel,
Pebax, or the like. The sheath inner layer can also be coated, on its inner surface,
with friction retarding materials such as, but not limited to, silicone oil, polyurethane-
based hydrophilic slip coating materials, and the like. The optional mesh layer is
next applied over the inner layer. The coil reinforcement layers and can, next, be

applied over the mesh. In other embodiments, a second layer of mesh can
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optionally be applied over the coil. The second layer of mesh can have different
properties from the inner layer of mesh, including different filament diameter, filament
count, number of picks, and filament density or angle. Finally, an outer layer of
polymeric material can be applied over the reinforcement, after which shrink tubing
can be placed around the entire structure and heated to shrink, melt, fuse, and bond
the inner layer to the outer layer while sandwiching the reinforcing layers
therebetween. The sheath inner layer can have a wall thickness ranging between
about 0.001 and 0.010 inches with a preferred range of about 0.0015 and 0.006
inches. The sheath outer layer can have a wall thickness ranging between about
0.001 and 0.010 inches with a preferred range of about 0.0015 to 0.006 inches.

[0082] The mesh can be formed from a braid, weave, knit or other structure
formed into a tubular cross-section. The mesh can be fabricated from flat,
rectangular, or round strands. The mesh can be fabricated from polymers such as,
but not limited to, polyethylene naphthalate (PEN), PET, polyamide, polyimide, or the
like. The mesh can also be fabricated from metals such as, but not limited to,
malleable stainless steel, spring stainless steel, nitinol, titanium, cobalt nickel alloy,
tantalum, gold, platinum, platinum alloy, and the like. The lateral size of the strands
of the mesh can range between 0.001 and 0.010 inches in at least one dimension.

The number of ends of the mesh can range between 2 and 50.

[0083] The construction of the distal sheath tube 340 can comprise a coil of wire
with a wire diameter of 0.001 to 6.040 inches in diameter and preferably between
0.002 and 0.010 inches in diameter. The coil can also comprise a ribbon wire or a
flat wire that is 0.001 to 0.010 inches in one dimension and .004 to .040 inches in the
other dimension. Preferably, the flat wire is 0.001 to 0.005 inches in the small
dimension, generally oriented in the radial direction of the coil, and 0.005 to 0.020
inches in width, oriented perpendicular to the radial direction of the coil. The pitch of
the coil, which is related to the spacing between coil turns can range from about 0 to
about 5 times the ribbon width or wire diameter. Preferably, some space exists
between the coil turns to permit bonding between the outer layer and the inner layer
so a preferred spacing is between 0.5 and 4 times the width of the ribbon. The outer
layer of polymeric material can have a wall thickness of 0.001 to 0.020 inches and
the inner layer has a wall thickness of between 0.001 and 0.010 inches. The wire

used to fabricate the coil can be fabricated from annealed materials such as, but not
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limited to, gold, stainless steel, titanium, tantalum, nickel-titanium alloy, cobalt nickel
alloy, and the like. The wire is preferably fully annealed. The wires can also
comprise polymers or non-metallic materials such as, but not limited to, PET, PEN,
polyamide, polycarbonate, glass-filled polycarbonate, carbon fibers, or the like. The
wires of the coil reinforcement can be advantageously coated with materials that
have increased radiopacity to allow for improved visibility under fluoroscopy or X-ray
visualization. The radiopaque coatings for the coil reinforcement may comprise gold,
platinum, tantalum, platinum-iridium, and the like. The mechanical properties of the
coil are such that it is able to control the configuration of the fused inner layer and

the outer layer.

[0084] When the distal region 340 is folded to form a small diameter, the polymeric
layers, which can have some memory, do not generate significant or substantial
spring-back. The sheath wall is preferably thin so that it any forces it imparts to the
tubular structure are exceeded by those forces exerted by the malleable distal
reinforcing layers. Additionally, a peel away, slide away, or otherwise removable
protective sleeve (not shown) is useful but not necessary to maintain the collapsed

sheath configuration.

[0085] It should be appreciated that modifications thereof can be used to provide
an expandable region of the catheter with an initial small cross-sectional diameter.
By unfolding the distal region 340, the diameter of the distal region can be increased
to a larger diameter. In the smaller folded configuration, the malleable structures
described above can maintain the distal region in the smaller folded configuration. In
other embodiments, an external structure can maintain the sheath in the folded
configuration. In this smaller folder configuration it has been noted that the flexibility
of the catheter (e.g., the ability of the catheter to navigate the carotid siphon) is
increased. When the catheter is unfolded and expanded, the malleable structure
can reform to the larger unfolded diameter and to the shape of the anatomy in which
the sheath his placed. In the unfolded configuration, the malleable structures

provide hoop strength maintain the patency of the lumen.

[0086] In other embodiments, the exterior of the sheath, and optionally the internal
lumen of the sheath, can be coated with a lubricious coating comprising materials
such as, but not limited to, silicone oil or a hydrophilic hydrogel comprising

polyethylene glycol, polyether polyurethane, or the like. Other coatings can include
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antimicrobial coatings such as those fabricated from silver azide or anticoagulant

coatings such as those comprising heparin.

[0087] Fig. 4C illustrates the distal end of a sheath dilator 304 comprising the
dilator outer shaft 310, the dilator hub 322, the dilator balloon 314, an optional distal
fairing (not shown), and the dilator inner tubing 312. The dilator balloon 314
comprises proximal and distal neck down regions, 316 and 318, respectively. The
inflation annulus 402 is that region between the concentrically disposed outer shaft
or tubing 310 and the inner shaft or tubing 312 of the dilator.

[0088] The dilator balloon 314 is affixed to the outer dilator shaft 310 at the
proximal neck down region 316 and to the dilator inner tubing 312 at the distal neck
down region 318 using adhesives, welding, or a combination thereof to form balloon
bonds 316, 318. The dilator balloon 314 can be an angioplasty type balloon
fabricated from material such as, but not limited to, PET, polyimide, polyamide,
reinforced polymers, or the like. The dilator balloon 314 can be configured to
generate pressures ranging up to about 25 or 30 atmospheres when filled with
pressurized liquids such as, but not limited to, radiopaque dye contrast media,
saline, Ringer’s lactate, and the like. The dilator balloon 314 comprises a flat length
at least as long as the combined length of the sheath expandable distal region 340
and the transition zone 342, and is preferably somewhat longer to facilitate
manufacturability and reliability. The dilator balloon 314 can comprise an inflated
diameter approximately equal to or slightly greater, for example about 0.5 to 1
French larger in diameter, than that of the fully expanded distal region 340 of the
sheath. The balloon 314 can comprise wall thicknesses ranging from 0.0005 to
0.005 inches and preferably ranging between about 0.0007 and 0.002 inches. The
flat length of the balloon 314 is advantageously about at least 1-cm longer than the
combined length of the transition zone 342 and the collapsible region 340. The flat
length of the balloon 314, therefore can range between about 9-cm to about 31-cm.
Note that the distal fairing (not shown) is affixed proximate the distal tip of the dilator
304, and is preferably affixed, at least in part to the dilator inner tubing 312 where it
projects distally from the distal balloon bond 318. The distal fairing (not shown) is
beneficially fabricated from soft elastomeric materials such as silicone elastomer or
thermoplastic elastomer, and expands and folds distally off the shoulders of the

balloon 314 such that when the balloon 314 is deflated, the fairing (not shown)
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returns to a small diameter that can be withdrawn proximally through the lumen of
the sheath 304. The distal fairing (not shown) can be fabricated from elastomeric
materials such as, but not limited to, thermoplastic elastomer, silicone elastomer,

polyurethane elastomer, Hytrel elastomer, and the like.

[0089] The dilator 304 is slidably disposed within the central lumen of the sheath
302 and further comprises an expandable dilator 314 such as, but not limited to, an
angioplasty type balloon, malecot, reverse collet, or other device capable of
expansion to approximately 0.2-mm (0.5 French), or greater, larger than the
diameter of the sheath. The balloon 314 can be inflated through the inflation lumen
within the catheter shaft, which is operably connected, at its proximal end, to a dilator
hub or inflation port. Following inflation, which expands the distal end of the sheath,
the dilator expansion element, such as the balloon (not shown), can be deflated or
collapsed, following which it can be removed from the sheath 302 along with the

nose cone or distal fairing (not shown).

[0090] Fig. 5A illustrates the proximal end of the dilator 304. The dilator
comprises the dilator hub 322, the outer tubing 310, and the inner tubing 312. The
dilator hub 322 further comprises the inflation port 326, the central lumen 502, the
hemostasis valve 324, and the inflation annulus 402 between the inner tubing 312

and the outer tubing 310.

[0091] Referring to Fig. 5A, the dilator hub 322 is affixed, or coupled, to the
proximal end of the outer tubing 310 and can further comprise a strain relief (not
shown) surrounding the outer tubing 310 where it exits the distal end of the hub 32.
The dilator hub 322 is affixed, at its proximal end, or integral to, the hemostasis valve
324, which can further comprise a female Luer lock connector at its most proximal
end. The lumen of the hemostasis valve 324 is operably connected to the central
lumen 502 of the hub 322, which is operably connected to the central lumen of the
inner tubing 312. The inflation port 326 is beneficially terminated with a female Luer
lock connector suitable for attachment to a commercial balloon inflation device or
syringe (not shown). The inflation port 326 is operably isolated from the central
lumen 502 but is operably connected to the inflation annulus 402. Thus, pressurized
fluid, preferably liquid, infused into the inflation port 326 is routed into the annulus
404, where it is transmitted along the length of the dilator 304 to a region under the

dilation balloon 314 where it exits to pressurize, or depressurize the dilator balloon
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314. The dilator hub 322 and its attached valves can be fabricated from materials
such as, but not limited to, ABS, PVC, polyurethane, polycarbonate, and the like.
The dilator hub 322 further comprises a purge line 358 (shown in Fig. 3A), which is
operably connected to the central lumen 502 and is used to remove air from the
central lumen 502 of the dilator 304.

[0092] Referring to Fig. 5A, the dilator hub 322 is affixed and sealed to the
proximal end of the inner dilator tubing 312. The distal end of the inner dilator tubing
312 extends to the distal end of the dilator. The inner lumen 502 is sized to accept
commercially available guidewires and can range in size from about 0.010 inches to
0.042 inches in diameter with a preferable diameter of about 0.018 inches such that
it can slidably accept a 0.014-inch diameter guidewire. The overall working length of
the dilator from the proximal end of the dilator hub 322 to the distal end of the inner

tubing 312 can range between about 90 and 150 cm.

[0093] Fig. 5B illustrates the proximal end of the two-way expandable, or
collapsible, sheath assembly 302 following removal of the dilator 304. The sheath
assembly 302 further comprises the expandable region 340 (not shown), the
transition zone 342 (not shown), the proximal non-expandable sheath tubing 338,
and the sheath hub 332 further comprising the sheath collapse side port 334, the
central through port 336, and the central lumen 506.

[0094] The sheath hub 332 can be fabricated from the same, or similar materials,
as those used for fabrication of the dilator hub 322. The sheath hub 332 is affixed to
the proximal end of the proximal sheath tubing 338 and can further be affixed to an
optional strain relief 504 to ease the stress on the relatively soft sheath proximal
tubing 338 as it exits the distal end of the relatively hard sheath hub 332. The
central through port 336 is operably connected to the central lumen 506, also called
a through lumen since it extends to and out the distal end of the sheath collapsible
region 340. The sheath collapse port 334 is operably connected to a separate
pressurization lumen 404 that is fluidically isolated from the central lumen 506 and
which runs at least to the distal end of the proximal sheath tubing 338. The
pressurization lumen 404 can be located as a bump on the exterior of the proximal
tubing 338, it can be coextruded entirely within a wall of the proximal tubing 338, or a

combination thereof.
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[0095] Fig. 6 illustrates a schematic of the cerebrovasculature 124 comprising the
internal carotid arteries 202 further comprising the carotid siphons 208, the posterior
communicating arteries 210, the middle cerebral arteries 212, the anterior cerebral
arteries 220, and the anterior communicating artery 216. An expandable guide
catheter 300 has been advanced through the left carotid artery such that its proximal,
non-expandable tubing 338 and the transition zone 342 reside proximal to the carotid
siphon 208. The distal expandable region 340 enclosing the inner dilator tube 312
and the dilator balloon 314 are highly flexible, torqueable, and pushable, and have
navigated the carotid siphon 208 and the proximal part of the middle cerebral artery
212 over a guidewire 602. In this embodiment, the guidewire is a 0.014-inch

diameter guidewire.

[0096] Fig. 7 illustrates the cerebrovasculature 124 of Fig. 6 with the expandable
guide catheter 300 having been dilated at its distal end and the dilator removed
leaving the guidewire 602 in place. The transition zone 342 is no longer tapered but
is substantially cylindrical as is the expanded distal region 340 such that the distal
region retains an inner diameter substantially the same as that of the proximal tubing
338. lllustrated are the internal carotid arteries 202, further comprising the carotid
siphons 208, the posterior communicating arteries 210, the middle cerebral arteries

212, the anterior cerebral arteries 220, and the anterior communicating artery 216.

[0097] Fig. 8 illustrates the cerebrovasculature 124 of Fig. 6 with the addition of a
berry aneurysm 800 located on a middle cerebral artery 212. The expanded guide
catheter 300 is being used to guide a pusher catheter 804 such that the pusher
catheter 804 can deploy an embolic coil 802 within the aneurysm 800. The
guidewire 602 of Fig. 6 has been removed. Following completion of the procedure,
all internal catheters, e.g. the pusher catheter 804, are removed. The distal region
340 is next collapsed by pressurization of the region between the outer jacket and
the inner portions of the distal region 340. Following evacuation of the collapsing
pressure, the collapsed distal region 340 can now be removed from the

cerebrovasculature without the potential for damage to sensitive vessel walls.

[0098] Fig. 9A illustrates a lateral cross-section view of a distal region 340 of an
expandable arterial sheath comprising an outer jacket 900, an inner wall 902, a
single longitudinally extending fold 908 further comprising an outside edge 904 and

an inside edge 906, and a plurality of electrical conductors running axially through
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the inner wall 902. With a small diameter distal section 340 and a relatively thick
wall 902, a single fold 908 is the one structure to create during manufacturing. The
sheath inner wall 902 further comprises an optional electrical bus 912 fabricated
from stainless steel, silver, copper, or other conductor metal for use in transmitting
electrical energy from the sheath hub (not shown) to distal regions of the sheath for
purposes such as resistive heating, steering, or the like. The space between the
non-distensible outer jacket 900 and the inner wall 902 is pressurized by the
operator when re-collapse of the inner wall 902 is desired. The outer jacket 900 is
folded in this illustration but maintains an unstretched circumference approximating

that of the proximal portion of the sheath tubing 338.

[0099] Fig. 9B illustrates another embodiment of a lateral cross-section of a distal
region 920 of an expandable arterial sheath comprising the outer jacket 900, an
inner wall 922 further comprising a double longitudinally extending fold 928. The
double fold 928 further comprises two outside edges 924 and two inside edges 926,
which form longitudinal creases in the inner wall 922. When the diameter of the
sheath increases, it becomes advantageous to form a plurality of folds in the inner
wall 922. A double fold can aliow a larger diameter sheath to fold into a collapsed
diameter more efficiently. The sheath inner wall 922 further comprises an optional
balloon inflation lumen 930 for use in transmitting fluidic pressure or energy from the
sheath hub to distal regions of the sheath wherein a balloon may be affixed or for
sheath wall re-collapse. The diameter of the balloon inflation lumen 930 can range
between about 0.004 to 0.020 inches. In other embodiments, the number of folds
can range in number between 3 and 10. The space between the non-distensible
outer jacket 900 and the inner wall 922 is pressurized by the operator when re-
collapse of the inner wall 922 is desired. The outer jacket 900 is folded in this
illustration but maintains an unstretched circumference approximating that of the

proximal portion of the sheath tubing 338.

[00100] The distal sheath tubing 340 is folded longitudinally in a carefully
predetermined pattern comprising between one and four exterior fold edges, wherein
the folds extend all the way from the proximal end of the transition zone 342 to the
distal end of the distal sheath tube 342. The optional distal fairing (not shown) is
configured to cover the distal exposed edge of the distal sheath tube 340 to provide
a smooth taper against which the sheath system 300 can be advanced into the
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cerebrovasculature. The distal fairing can also be configured as a bump that leads
the distal end of the sheath, is affixed to the dilator tubing, but does not cover the
distal end of the collapsed sheath tubing. The distal fairing can preferably be
fabricated from soft elastomeric materials to permit flexibility along its length. Such

materials can include Hytrel, silicone elastomer, polyurethane, Pebax, and the like.

[00101] It should be appreciated in the embodiments described above that the
longitudinal folds of Figures 9A and 9B or modifications thereof can be used to
provide an expandable region of the catheter with an initial small cross-sectional
diameter. By unfolding the distal region 340, the diameter of the distal region can be
increased to a larger diameter. In the smaller folded configuration, the malleable
structures described above can maintain the distal region in the smaller folded
configuration. In other embodiments, an external structure can maintain the guide
catheter or sheath in the folded configuration. In this smaller folder configuration it
has been noted that the flexibility of the catheter (e.g., the ability of the catheter to
navigate the vertebral and basilar arteries) is increased. When the guide catheter is
unfolded and expanded, the malleable structure can reform to the larger unfolded
diameter and to the shape of the anatomy (e.g., the carotid siphon 208) in which the
sheath 300 his placed. In the unfolded configuration, the malleable structures
provide hoop strength maintain the patency of the lumen. In certain embodiments,
the lumen can have a diameter ranging frbm about 0.068 to 0.082 inches for a

sheath with about 7 French outside diameter.

[00102] Fig. 10A illustrates the distal end of the expandable, re-collapsible sheath
302 of the guide catheter 300, in its second, radially expanded configuration with the
inflated dilator 304 still in place. The outer jacket 1010 has expanded and unfolded
with the sheath tubing 1008, 342 to approximate its maximum profile. The dilator
304 and its dilator balloon 314 remain in place within the sheath 302. The sheath
tubing 338, 342, 340 retains a generally continuous profile and substantially
continuous internal lumen (not shown) of substantially the same size throughout,

although some minor distortions of the distal collapsible region 340 can occur.

[00103] Referring to Fig. 10A, the re-collapsible introducer sheath 300 comprises
the dilator 304 further comprising a dilator balloon 314 and a length of inner dilator
tubing 312, a proximal, non-collapsible sheath tube 338, the transition zone 342, the

distal, collapsible region 1008, an outer pressurization jacket 1010, outer
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pressurization jacket to sheath proximal bond 1020, and an outer pressurization
jacket to sheath distal bond 1012.

[00104] Referring to Fig. 10A, the sheath and dilator system 300 comprises the
external pressurization jacket 1010, which is affixed and sealed to the sheath tubing
338 and 1008 at the proximal and distal ends, respectively. A lumen 404 (Fig. 4B)
operably connects the collapse port 334 on the sheath hub 332 (Fig. 3C) to the gap
1018 between the outer pressurization jacket 1010 and the sheath tubing 1008. The
proximal end of the external pressurization jacket 1010 is preferably affixed to the
sheath tubing 338 in the proximal non-collapsible region 338 or the transition zone
342. The external pressurization jacket 1010 can also be operably connected to, or
affixed to the sheath hub 332 such that an annulus lumen exists between the inside
of the jacket 1010 and the outside of the sheath tubing 338, allowing pressurized
fluid to flow to and from the gap between the jacket 1010 and the sheath tubing 338.
The pressurization jacket 1010 can be fabricated from foldable materials that are
substantially non-distensible or non-elastic such as, but not limited to, polyester,
polyimide, polyamide, irradiated polyethylene, and the like. The wall thickness of the
outer jacket 1010 can range between 0.0001 inches and 0.005 inches with a
preferred wall thickness range of 0.0002 and 0.002 inches. Such structures for the
pressurization jacket 1010 are substantially size constrained or limited and do not
expand excessively in their exterior dimensions since the pressurization jacket 1010

is substantially non-compliant.

[00105] In other embodiments, the outer jacket 1010 can comprise a double layer
of material such as a double layer of polyester (PET) with wall thickness ranging
between 0.00015 inches and 0.005 inches with a preferred wall thickness range of
0.0002 and 0.002 inches. The double layer is advantageous because it permits a
strong pressure seal to be created in a situation where such a seal might not
otherwise be possible given the dissimilar nature of the material of the outer jacket
1010 and the sheath tubing 338, 342, 1008. Further, the double wall can be bonded
or terminated at a point distal to the most distal end of the sheath to allow for full
sheath refolding and re-collapse when the pressurization jacket 1010 is pressurized.
The sheath tubing 338, 342, 1008 also, preferably comprises a malleable metal
reinforcement layer embedded therein that controls the shape of the sheath tubing
when not being moved by the dilator 304 or pressurization of the region interior to
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the outer jacket 1010. Pressurization of the collapsing annulus 1018 can be
performed using a syringe, PTCA inflation device, or the like at pressures ranging
from about 1 to 30 atmospheres and preferably between about 4 to 6 atmospheres,
using non-compressible fluids such as saline, water, or radiopaque contrast media

injected into the sheath hub collapsing port 334.

[00106] In some embodiments, the outer pressurization jacket 1010 can be welded
to the outside of the sheath tubing 338 using heat and pressure. Materials for use in
the sheath tubing 338 and 1008 are generally chosen to optimize the heat weld
between the pressurization jacket 1010 and the sheath tubing 338 and 1008. The
pressure can be applied to the assembly by fabrication over an inner mandrel and
application of heat through a heat shrink band fabricated from FEP, PTFE, or the
like. The distal bond between the sheath tubing 1008 and the pressure jacket 1010
is preferably short, between about 1mm and 10mm long, for example, and is strong,
durable, and flexible. The distal bond between the sheath tubing 1008 and the outer
jacket 1010 needs to be leak free at the rated pressure following extended periods of
folding through sharp bends, sterilization, shipping, and storage, the storage and
shipping often occurring at extremes of high or low temperature. In an exemplary
embodiment, the inner sheath layer is fabricated from Hytrel with a hardness of
about 55D and a wall thickness of about 0.001 to 0.003 inches while the outer layer
1008 of the foldable region is fabricated from Hytrel with a hardness of about 40D
and has a wall thickness of about 0.004 to 0.010 inches. The pressure jacket 1010
can be fabricated from PET with a wall thickness of about 0.0002 to 0.0004 inches.
In some embodiments, the inner sheath layer can be fabricated from PET with a wall
thickness of about 0.0005 to 0.002 inches, instead of, or in addition to, the inner
Hytrel 55D layer. In yet another embodiment, the inner layer is Hytrel but a short
layer of very thin PET, about 0.00025 to 0.0003 inches thick, is used to reinforce the
Hytrel sheath near its distal end such that the short PET reinforcing layer is about 0.5

to 1.0 cm long and covers the distal end of the reinforcement layer.

[00107] Fig. 10B illustrates the distal portion of the sheath 302 having been
expanded by the dilator 304 of Fig. 10A, and the dilator 304 subsequently removed.
The sheath distal portion comprises the expandable region 340, the transition zone
342, the proximal tubing 338, the outer jacket 1010, the proximal jacket bond 1020
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and the distal jacket bond 1012. The outer jacket 1010 is distended to substantially

its maximum diameter and does not expand further.

[00108] Fig. 10C illustrates the distal end of the expandable guide catheter sheath
302 with the dilator 304 (see Fig. 10A) removed and the space 1018 between an
outer jacket 1010 and the introducer sheath 1008 pressurized to collapse the
introducer sheath distal tube 1008 to its third, radially collapsed configuration. The
gap 1018 between the outer jacket 1010 and the sheath tubing 1008 is visible in this
illustration. The inner tubing of the transition zone 342 tapers to the smaller diameter

of the collapsed distal, collapsible region 1008.

[00109] The outer jacket 1010 can be a single layer or it can comprise a double
layer that can be everted, adhesively adhered, or welded to itself at the distal end.
The double layer outer jacket 1610 has the advantage of providing a very strong
bond and, thus improved inflation reliability, as well as the ability to completely
collapse the collapsible sheath tubing 1008 substantially all the way to, and

including, the distal end of the collapsible sheath distal tubing 1008.

[00110] In other embodiments, the expandable region 340 is re-collapsed to its
third, smaller cross-sectional configuration by application of heat to a shape-memory
reinforcement embedded within the expandable region. The expandable region 340
can be made to uniformly compress to a smaller diameter, or it can be made to fold
into any of a variety of cross-sectional patterns exhibited by a tube that is folded
along longitudinally disposed folds. In the embodiments where uniform reduction in
cross-sectional shape is imparted, the reinforcement can comprise a braid that
elongates longitudinally when it reduces its diameter. The polymeric material 1008
of the expandable region 340 is preferably elastomeric and comprises materials such
as, but not limited to, polyurethane, thermoplastic elastomer, silicone elastomer, and
the like. The interior wall of the lumen (not shown) of the expandable region is
advantageously coated with a layer of high lubricity and low friction to facilitate

catheter or device introduction therethrough without hang-up.

[00111] Fig. 10D illustrates the distal end of the expandable guide catheter sheath
302 following completion of the collapsing step. In Fig. 10D, the fluid has been
withdrawn from the gap 1018 thus causing the outer jacket 1010 to become flaccid
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and at least partially collapse, thus facilitating removal of the now smaller diameter

guide catheter sheath 302 from a patient.

[00112] In other embodiments, the outer pressure jacket 1010 is affixed to the
sheath outer surface by adhesives or welding such that a region of unadhered
pressure jacket 1010 is diposed longitudinally along the sheath tubing 1008.
Pressurization of the region between the pressure jacket 1010 and the sheath tubing
1008 causes only the unadhered region to expand and force the sheath tubing 1008
to deflect inward to form a “U-shaped” cross-section which is more controlled and
forms a smaller crosss-section than would be possible with a pressure jacket 1010
completely detached from the sheath tubing 1008 in the central region but bonded
only at the ends. Evacuation of the fluid resident between the pressure jacket 1010
and the sheath tubing 1008 is beneficial to provide a minimum sheath cross-section
for removal from the patient. In certain embodiments, the unadhered region of the
pressure jacket 1010 can range from about 20% of the sheath circumference to

about 50% of the sheath circumference.

[00113] In yet other embodimens, the pressure jacket 1010 can surround a side
balloon (not shown) that is disposed longitudinally along one side of the sheath
tubing 1008 such that the side balloon can be inflated under pressure to collapse the
sheath tubing 1008 along only the region adjacent to the side balloon. The side
balloon length is beneficially about slightly longer than region of re-collapse, which is
generally the same as the expandable region of the sheath. The substantially non-
compliant pressure jacket 1010 serves to provide counterforce to the substantially
non-compliant side balloon to permit the side balloon to “punch” a “U-shaped” cross-
section into the sheath tubing. The side balloon is operably and fluidically connected
to a re-collapse inflation port near the distal end of the sheath by a lumen or annulus
comprised by the sheath structure. The side balloon can comprise a distal seal or it
can be formed with a completely closed end requiring no seals or bonds. Patent
application (ONSET.037), the contents of which is herewith incorporated herein in its
entirety by reference, illustrates several embodiments of the side balloon. The side
balloon and the pressure jacket 1010 can be fabricated from the same materials
disclosed herein for use in the pressure jacket 1010. The pressure jacket 1010 can

serve as a friction, puncture, or damage shield for the side balloon thus increasing
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the robustness of the system. The side balloon can control re-folding or re-collapse
in the same way as the partially bonded pressure jacket 1010 disclosed herein.

[00114] Fig. 11a illustrates a collapsing obturator 1100 for use with expandable
introducer sheaths. The collapsing obturator 1100 comprises a length of obturator
tubing 1102, a hub 1122 further comprising an evacuation port 1112, and a sealing
balloon inflation port 1114, a proximal sealing balloon 1108 having a plurality of
balloon bonds 1110, a distal sealing balloon 1106 comprising a plurality of balloon
bonds 1110, a plurality of evacuation vents 1104 and an inter-balloon evacuation

region 1120.
[00115] Referring to Fig. 11a, the sealing balloons 1106 and 1108 can be

elastomeric balloons fabricated from materials such as, but not limited to,
polyurethane, latex, silicone elastomer, thermoplastic elastomer, and the like, or they
can be substantially inelastic balloons such as those fabricated from materials such
as, but not limited to, polyolefin, irradiated polyethylene, polyester (PET), polyimide,
polyamide, and the like. The proximal and distal sealing balloons 1108, 1106,
respectively, can further be coated with conformable materials to improve sealing
between the inflated balloons 1108, 1106, and the inside wall of an inflated sheath
tube. Such coating (not shown) can include the same materials used to fabricate the
elastomeric balloons described herein. The coating can further comprise hydrogel,

or other gel-type substance.

[00116] The obturator tubing 1102 can comprise a multi-lumen cross-section or it
can comprise an annular configuration having an inner tube and an outer tube with
an annular lumen therebetween to operably transmit pressurized fluid to the interiors
of the balloons 1106, 1108 as well as evacuating the inter-balloon region 1120
through the one or more vents 1104. The balloon pressurization port 1114 on the
hub 1122 can be operably connected to a lumen and thereby to the interior of the
sealing balloons 1106, 1108 by a pressurization vent or skive in the tubing wall 1102
under the region of the balloons 1106, 1108. The evacuation port 1112 can be
operably connected to another, separate lumen within the tubing 1102, which is
further operably connected to the one or more vent ports 1104 skived or cut into the
tubing 1102 to operably connect the evacuation lumen to the outside environment.
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[00117] Fig. 11B illustrates the collapsing obturator 1100 having been inserted into
a diametrically expanded introducer sheath, further comprising the transition zone
tubing 342, and the distal sheath tubing 340, and then pressurized to expand the two
sealing balloons 1108, 1106. The proximal sealing balloon 1108 preferably resides
within the proximal non-expandable region of a sheath while the distal sealing
balloon 1106 preferably resides as close as possible to the distal end of the sheath
so as to provide some seal but permit the maximum amount of sheath collapse
proximal thereto. The inter-balloon evacuation region 1120 now defines a sealed
volume with its outer boundary being the inside surface of the expanded sheath

distal tubing 340 and transition zone 342.

[00118] Fig. 11C illustrates the collapsing obturator 1100 within the introducer
sheath with the two sealing balloons 11086, 1108 inflated and the region between the
sealing balloons 1120 but outside the collapsing obturator 1100 depressurized to
radially collapse the distal, expandable introducer sheath tubing 340. Following such
deflation, the sealing balloons 1106, 1108 can be deflated and the system removed
from a patient with less friction and potential for tissue trauma than a sheath that is
removed, fully expanded, or never collapsed. Note that a portion of the distal most
region of the sheath tubing 340 remains expanded where the expanded sealing
balloon 1106 was located during collapse. This short length of expanded sheath
tubing 340 is easier and less traumatic to remove than a longer length of expanded
sheath tubing 340. At the proximal end, the sealing balloon 1108 resides within the
transition zone 342 or the proximal non-collapsible sheath tubing 338, which is
outside the highly tortuous vasculature of the patient and so this has no effect on
sheath removal. The distal sealing balloon 1106 can function with a minimum of
about 0.100 inches of seal. A partial vacuum is drawn in the evacuation region
1120, by way of the evacuation port 1112, to collapse the outer sheath tubing 340.

[00119] Fig. 12A illustrates a refolding or forming obturator 1200 in side view
configured to control the shape of the distal collapsible region 340 of a sheath 302.
The refolding obturator 1200 is configured to be re-inserted into a sheath 302 prior to
re-collapse such that the re-collapse under pressure is substantially controlled. The
forming obturator 1200 comprises a handle 1210, a proximal portion 1212 having a
substantially round cross-section, a distal forming region 1214, and a nose cone

1216. The round proximal portion 1212 is configured to beneficially seal within a
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hemostasis valve within, or connected to, a sheath hub 332. The handle 1210 is
configured for manual grasping by the operator. The forming obturator 1200 is
preferably fabricated from flexible materials that can bend within the sheath 302 but
yet retain some shape to help form the sheath distal region 340, upon re-collapse.
The forming obturator 1200 can be a single integral structure or the components can
be affixed to one another. The forming obturator 1200 can be fabricated from
materials such as, but not limited to, stainless steel, polyethylene, polypropylene,
silicone elastomer, thermoplastic elastomer, polyurethane, polyacetal, and the like.
The refolding obturator 1200 can be solid or hollow, at least in part, in construction.
The forming obturator 1200, in the forming region 1214 can comprise various cross-
sectional shapes such as, but not limited to, a cross (as illustrated), a three-blade
propeller, a U, aW, a V, and the like. The forming obturator 1200 is configured to be
removable and reinserted into a sheath 302 prior to re-collapse. The forming
obturator 1200 can further comprise a guidewire lumen (not shown) having a
diameter of about .020 to .060 inches. The forming obturator 1200 can also be
termed a collapsing or refolding obturator. The forming obturator 1200 can help
prevent the formation of large, stiff wings in the distal collapsible region 304 following

re-collapse.

[00120] Fig. 12B illustrates a cross-sectional view of another embodiment of the
forming region 1214’ of a forming or refolding obturator 1200 having a three-pronged

profile.

[00121] Fig. 12C illustrates a cross-sectional view of another embodiment of the
forming region 1214’ of a forming or collapsing obturator 1200” having a splayed U

configuration.

[00122] The vascular access sheath disclosed herein has benefit in reaching far
into the cerebrovasculature. Sheaths of similar construction and similar sizes are
also useful for peripheral artery catheterization such as access to the popliteal
arteries of the leg, arteries of the arm, or vessels leading to or from body organs.
They are also useful for access to the vasculature of the heart such as the coronary
arteries. Such sheaths can also be modified for use in radial artery access. The
radial artery of the arm is useful for cardiac or cerebrovascular access because it
shortens the distance needed to travel by the catheter and improves the approach in

certain cases. The radial artery acceses sheath can beneficially include a much
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longer expandable (and collapsible) region reaching substantially all the way from
the distal end to the proximal end of the sheath in some embodiments. Radial
artery, coronary artery, and peripheral sheaths can be configured with collapsed
outer profiles of about 3 French to about 6 French and can further be configured to
expand to an outside diameter of about 6 French to about 13 French, depending on
the application. Since the radial artery is small in diameter, the collapsibility of the
sheath is beneficial in removal of the sheath which might be otherwise bound within

the artery following expansion to its full working diameter.

[00123] It also should be noted that certain objects and advantages of the invention
have been described above for the purpose of disclosing the invention and the
advantages achieved over the prior art. Of course, it is to be understood that not
necessarily all such objects or advantages may be achieved in accordance with any
particular embodiment of the invention. Thus, for example, those skilled in the art
will recognize that the invention may be embodied or carried out in a manner that
achieves or optimizes one advantage or group of advantages as taught herein
without necessarily achieving other objects or advantages as may be taught or

suggested herein.

[00124] Moreover, although this invention has been disclosed in the context of
certain preferred embodiments and examples, it will be understood by those skilled
in the art that the present invention extends beyond the specifically disclosed
embodiments to other alternative embodiments and/or uses of the invention and
obvious modifications and equivalents thereof. In addition, while a number of
variations of the invention have been shown and described in detail, other
modifications, which are within the scope of this invention, will be readily apparent to
those of skill in the art based upon this disclosure. For example, it is contemplated
that various combination or subcombinations of the specific features and aspects of
the embodiments may be made and still fall within the scope of the invention.
Accordingly, it should be understood that various features and aspects of the
disclosed embodiments can be combined with or substituted for one another in order
to form varying modes of the disclosed invention. Thus, it is intended that the scope
of the present invention herein disclosed should not be limited by the particular
disclosed embodiments described above, but should be determined only by a fair

reading of the claims that follow
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WE CLAIM:

1. A guide catheter for providing access to a patient’s cerebrovasculature
through an aortic passageway leading from an iliac or femoral location comprising:

an axially elongate sheath tube having a distal portion, a proximal portion and
a lumen extending therebetween, the proximal portion adapted to extend out of the
patient and the distal portibn- adapted to extend at least to the patient's carotid
arteries; the sheath comprising at least one diametrically expandable region that
comprises a malleable reinforcement structure configured to maintain the at least
one diametrically expandable region in a first cross-sectional configuration in which
the at least one diametrically expandable region is longitudinally folded into a
reduced cross-sectional profile and can be expanded to a second cross-sectional
configuration in which the at least one diametrically expanded region is unfolded into

a larger cross-sectional profile; and
a hub coupled to the sheath tube at its proximal end;

wherein the malleable reinforcement structure controls the structural
configuration of the diametrically expandable region prior, and subsequent, to

expansion.

2. The guide. catheter of Claim 1, wherein in the first cross-sectional
configuration, the at least one diametrically expandable region is longitudinally more

flexible than in the second cross-sectional configuration.

3. The guide catheter of Claim 1, further comprising a dilator pre-
positioned within a lumen of the sheath tube.

4. The guide catheter of Claim 1, further comprising a braided
reinforcement member within a proximal end of the sheath tube to provide for kink

resistance and torqueability.

5. The guide catheter of Claim 1, wherein the expandable region

comprises an elastic or semi-elastic wall.

6. The guide catheter of Claim 1, wherein the expandable region
comprises an elastic or semi-elastic wall further reinforced with an internal braid.
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7. The guide catheter of Claim 1, further comprising hemostasis valves
affixed to the hub to prevent excessive loss of blood from the patient.

8. The guide catheter of Claim 1, further comprising a balloon dilator,
which is deflated, folded, and pre-inserted into a lumen of the sheath tube, wherein
the balloon dilator comprises a non-distensible high—pressure balloon disposed along
at least the entire length of the expandable region.

9. The guide catheter of Claim 1, wherein the expandable gtﬁde catheter
length is sufficient to span the distance from an insertion point in a femoral artery to
a region within the circle of Willis, or beyond.

10. The guide catheter of Claim 1, wherein the expandable region expands

_from a first, smaller outside diameter of approximately 4 French or less to a second,

larger outside diameter of approximately 5 French, or larger.

11. The guide catheter of Claim 1, further comprising nitinol reinforcing
elements within the expandable region.

12.  The guide catheter of Claim 11 wherein the nitinol reinforcing elements

are biased to diametrically expand the expandable region.

13. The guide catheter of Claim 11 wherein the nitinol reinforcing elements
are biased to diametrically collapse the expandable region.

14. The guide catheter of Claim 11 wherein the nitinol elements comprise
shape-memory properties that are fully activated at about body temperature to

-expand the expandable region.

15.. The guide catheter of Claim 11 wherein the nitinol elements comprise
shape-memory elements that are fully activated at temperatures above body

| .temperatdre to expand the expandable region or collapse the expandable region.

16. The guide catheter of Claim 1, wherein the malleable reinforcement
structure comprises a flat wire wound into a coil.

17. The guide catheter of Claim 1 wherein the proximal portion comprises
a coil reinforcement fabricated from spring hardness stainless steel.

18. The guide catheter of Claim 1 wherein the proximal portion comprises

" both a coil and a braided reinforcement embedded within a polymeric surround.
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19. The guide catheter of Claim 1 further comprising a purge port affixed to
the proximal end of the sheath and operably connected to the lumen of the guide
catheter, wherein the purge port comprises a valve to prevent the loss of fluid or
ingress of air from the lumen when the valve is closed.

20. The guide catheter of Claim 1 wherein the diametrically expandable
region comprises a malleable reinforcement structure embedded between two layers
of polymer, further wherein the malleable reinforcement structure does not
substantially move relative to the two layers of polymer when the sheath is expanded
from its first cross-sectional configuration to its second cross-sectional configuration.

21. An expandable introducer sheath adapted for access to a region of the
cerebrovasculature of a patient comprising: ‘

An axially elongate sheath.tube having a proximal end, a distal end, and a
lumen extending therethrough, wherein the sheath tube comprises a collapsible
region ‘and further wherein the sheath working 'length is sufficiently long that the

.sheath tube can extend from the outside of a patient, through a percutaneous access
to a femoral or iliac artery, and through the aorta to a point residing within the carotid

arteries, vertebral arteries, or more distal vasculature;

A hub affixed to the proximal end of the axially elongate sheath tube, wherein
the hub further comprises a hemostasis valve operably connected to the lumen

extending through the sheath; and

A dilator pre-inserted through the lumen in the axially elongate sheath tube,
wherein the dilator comprises a length of dilator tubing, a hub comprising a balloon
inflation port and a guidewire access port further comprising a hemostasis valve, and
a non-compliant balloon, which is deﬂéted and folded about the dilator tubing to form

a minimum profile;

Wherein the dilator is operable to expand the sheath collapsible region from a
first, radially collapsed cross-sectional area to a second, larger, radially expanded
cross-sectional area.

22. The introducer sheath of Claim 21 wherein the collapsible region

comprisés malleable reinforcements embedded within a polymeric surround.
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23. The introducer sheath of Claim 21 wherein the collapsible region
extends approximately 15 to 40 centimeters from the distal end of the sheath tube.

24.  The introducer sheath of Claim 21 further comprising'abraided resilient
reinforcement embedded within the axially elongate sheath tube in the proximal non-

-collapsible region.

25. The introducer sheath of Claim 21 further comprising structures
operable to re-collapse the collapsible i'egion of the sheath to a third, smaller cross-
sectional area, following expansion of the collapsible region to a second, larger

cross-sectional area.

26. The introducer sheath of Claim 21 wherein the cross-sectional area of
the collapsible region has a collapsed outer diameter of approximately 2 French to 4

French.

27. The introducer of Claim 21 wherein the lumen of the expanded,
collapsible region can pass objects ranging from about 1 French to about 7 French in

" size.

28. The introducer of Claim 21 further comprising an outer, substantially

non-distensible layer separated from inner layers of the axially élongate tube except

. at locations proximal to the proximal end of the collapéible region and proximate the

distal end of the collapsible region, wherein pressurization of the gap separating the
inner layers from the outer layer causes inward deformation, cpliapse, or cross-

sectional area reduction of the collapsible region, following expansion.

-29. The introducer of Claim 21 further comprising a double outer jacket
layer disposed over the inner layers of the sheath in the collapsible region, wherein
the double layer is separated by a gap but is bonded and sealed together at
locations proximal to the proximal end of the collapsible region and distal to the distal
end of the collapsible region; further wherein pressurization of the region between
the double layer causes diametric collapse of the innermost of the double layer,

‘which causes collapse of the sheath inner layers in the collapsible region.

- 30. An introduction sheath adapted for guiding catheters into ‘the
cerebrovasculature of a patient by way of a femoral or iliac artery access comprising:
an axially elongate sheath tube having a proximal end, a distal end, and a

main lumen extending therethrough, wherein the axially elongate sheath tube
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comprises a collapsible region along a portion of its length extending to the distal
end of the sheath tube, further wherein the collapsible region has a first, smaller,
crass-section prior to expansion, a second, larger cross-section following expansion,
and a third, smaller cross-section following re-collapse;

a removable dilator disposed within the main lumen of the sheath tube,
wherein the dilator is configured to expand the collapsed region in response to

.pressurization from a source external to the proximal end of the dilator:;

an outer sheath jacket sealed proximate the proximal and distal ends of the
sheath, wherein the outer sheath jacket is unsealed to the sheath between the
pfoximal and distal end seals; and

an inflation lumen for introducing pressurized fluid between the sheath and
outer jacket layer, wherein the inflation lumen is operably coupled to a preséun’zatian-
port proximate the proximal end of the introduction sheath;
_ Wherein pressurization of the region between the sheath and outer jacket
layer exerts inward pressure to collapse the collapsible region of the sheath from the
second, larger cross-sectional area to the third, smaller cross-sectional area.

31. The introduction sheathA of Claim 30 wherein the outer sheath jacket

 comprises a substantially non-compliant material.

32.  The introduction sheath of Claim 30 wherein the outer sheath jacket

" comprises a substantially semi-compliant material.

33. The introduction sheath of Claim 30 wherein the outer sheath jacket
comprises a partially non-compliant material. ' '

34. The introduction sheath of Claim 30 wherein the duter sheath jacket
comprises a combination of substantially non-compliant and semi-compliant
materials.

35. The introduction sheath of Claim 30 wherein pressurization, or inflation,
of the region between the outer shea_th jacket and the sheath generates an uneven

diametric outer profile.

36. The introduction sheath of Claim 35 wherein the uneven diametric
outer profile is adapted for device fixation within a body lumen, tissue tract, or cavity.
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37. The introduction sheath of Claim 35 wherein the outer sheath jacket is
affixed to the sheath such that, when pressurized, it exerts inward pressure to create

~ adefined collapsed configuration in the collapsible region.
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38. The introduction sheath of Claim 35 wherein the outer sheath jacket is
collapsible around a previously collapsed sheath in response to a negative pressure
being applied within the space between the outer sheath jacket and the sheath. .

39. The introduction sheath of Claim 35 wherein the outer sheath jacket
collapses the sheath in the collapsible region to a pre-determined collapsed proﬁlé.

40. The introduction sheath of Claim 35 further comprising a re-folding
obturator which is inserted into the main lumen of the axially elongate sheath tube
prior to re-collapse of the collapsible region, wherein the re-folding obturator
comprises a shape that facilitates re-collapse of the collapsible region to a pre-

determined cross-sectional configuration.

41. The obturator of Claim 40, wherein the re-folding obturator comprises a

‘solid, flexible, pre-shaped rod.

42. The re-folding obturator of Claim 40, _corhprising a cross-sectional
shape that, upon re-collapse of the collapsible region generates a tri-fold pattern in
the collapsible region.

43. The re-folding obturator of Claim 40, comprising a cross-sectional

" shape that, upon re-collapse of the collapsible region generates a corkscrew pattemn

in the collapsible region.

44. The re-folding obturator of Claim 40, comprising a cross-sectional
shape that, upon re-collapse of the collapsible region generates a cross pattern in
the collapsible region.

45. The re-folding obturator of Claim 40, comprising a cross-sectional
shape that, upon re-collapse of the collapsible region generates a “C” or “U” cross-
sectional pattern in the collapsible region. |

46. The re-folding obturator of Claim 40, comprising a cross-sectional
shape that, upon re-collapse of the collapsible region generates a “W” cross-
sectional pattern in the collapsible region.
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47. An expandable guide catheter adapted for guiding microcatheters
catheters into the cerebrovasculature of a patient by way of a femoral or iliac artery
access comprising: _

| an axialiy elongate sheath tube having a proximal end, a distal end, and a
main lumen extending theremfough. wherein the axially elongate sheath tube
comprises a collapsible region along a portion pf its length extending to the distal
end of the sheath tube, further wherein the collapsible region has a first, smaller,
cross-section prior to expansion, a second, larger cross-section following expansion,
and a third, smaller cross-section following re-collapse, and wherein the collapsible
region comprises a malleable reinforcement sandwiched within sheath tube
polymeric layers; A

a removable dilator disposed within the main lumen of the sheath tube,
wherein the dilator is configured to expand the collapsed region in response to
pressurization from a source external to the proximal end of the dilator; and

an outer sheath jacket comprising two layers in which the iriner jacket Iéyer
and the outer jacket layer are sealed to each other at a location proximate the

‘proximal and distal ends of the sheath, a proximal portion of the inner and outer

jacket layers being operably connected to an inflation lumen for introducing
pressurized fluid between the inner and outer jacket layers;

wherein pressurization of the region between the inner jacket layer and the
outer jacket layer exerts inward pressure to collapse the collapsible region of the
sheath from the second, larger cross-sectional area to the third, smaller cross-
sectional area.

48. The expandable guide catheter of Claim 47 wherein the outer sheath

jacket layer comprises a substantially non-compliant material.

49. The expandable guide catheter of Claim 47 wherein the outer sheath

jacket layer comprises a substantially semi—cohpliant material.

50. The expandable guide catheter of Claim 47 wherein the outer sheath

jacket layer comprises a partially non-compliant material.

51. The expandable guide catheter of Claim 50 wherein the outer sheath
jacket layer comprises a combination of substantially non-compliant and semi-

compliant materials.
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52. The expandable guide catheter of Claim 51 wherein pressurization or
inflation of the region between the outer sheath jacket layer and the inner sheath

jacket layer generates an uneven diametric outer profile.

53. The expandable guide catheter of Claim 52 wherein the uneven
diametric outer profile is adapted for device fixation within a body lumen, tissue tract,
or cavity. ' '

54. ~The expandable guide catheter of Claim 52 wherein the outer sheath
jacket layer and inner sheath jacket layer are affixed to the sheath such that, when
pressurized, they exert inward pressure to create a defined collapsed configuration
in the collapsible region.

55. The expandable guide catheter of Claim 52 wherein the inner sheath
jacket layer is affixed, at least in part, to inner polymeric sheath layers.

56. The expandable guide catheter of Claim 52 wherein the outer sheath
jacket layer is collapsible around a previously collapsed sheath in reSpdnse to a
negative pre_ésure being exerted within the space between the outer sheath jacket '
layer and the inner sheath jacket layer.

57. The introduction sheath of Claim 52 wherein the outer sheath jacket
layer collapses the inner layers in the collapsible region to a pre-determined

_collapsed profile.

58. The introduction sheath of Claim 52 further comprising a shaped
obturator which is inserted into the main lumen of the axially elongate sheath tube
prior to re-collapse of the collapsible region, wherein the shaped obturator comprises
a cross-éection that facilitates re-collapse of the collapsible region to a folded
configuration.

59. The obturator of Claim 58, wherein the shaped obturator comprises a
solid, flexible, pre-shaped rod.

60. The obturator of Claim 58 wherein the shaped obturator comprises a -

- cross-sectional shape that, upon re-collapse of the collapsible region generates a tri-

fold pattem in the collapsible region.
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61. The obturator of Claim 60 wherein the shaped obturator comprises a
cross-sectional shape that, upon re-collapse of the collapsible region generates a
corkscrew pattern in the collapsible region. '

62. The obturator of Claim 60 wherein the shaped obturator comprises a
cross-sectional shape that, upon re-collapse of the collapsible region generates a
cross pattern in the collapsible region. '

63. The obturator of Claim 60 wherein the shaped obturator comprises a
cross-sectional shape that, upon re-collapse of the collapsible region generates a “C”
or “U” cross-sectional pattern in the collapsible region.

64. The obturator of Claim 60 wherein the shaped obturator comprises a
cross-sectional shape that, upon re-collapse of the collapsible region generates a

“W° cmss-se_ctional pattern in the collapsible region.

65. An introducer sheath adapted for access to a neurovascular body
tumen or cavity of a patient by way of an iliac or femoral artery comprising:

an axially elongate sheath tube having a proximal end, a distal end, and a
lumen extending therethrough, wherein the sheath tube comprises a collapsible
region and further wherein the sheath working length is sufficiently long that the

- sheath tube can extend from the outside of a patient, through a percutaneous access

to a femoral or iliac artery, and through the aorta to a point residing within the carotid
arteries, circle of Willis, or vasculature distal thereto, further wherein the collapsible
region comprises a first, smaller cross-sectional area, and a second, larger cross-
sectional area in response to dilation;

a hub affixed to the proximal end of the axially elongate sheath tube, wherein

the hub further comprises a hemostasis valve operably connected to the lumen

extending through the sheath;

a dilator pre-inserted through the lumen in the axially elongate sheath tube,
wherein the dilator comprises a length of dilator tubing, a hub comprising a balloon
inflation port and a guidewire access port further comprising a hemostasis valve, and
a non-compliant balloon, which is deflated and folded about the dilator tubing to form

a minimum profile; and
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a reverse dilator, removably placeable within the lumen of the axially elongate
sheath tube following expansion of the collapsible regidn and removal of the dilator,
wherein the reverse dilator comprises proximal and distal balloons, a reverse dilator
tube further comprising inflation lumens for the proximal and distal balloons, a
vacuum lumen operably connected to the region between the two balloons by
vacuum ports in the reverse dilator tube, and a-hub affixed to the proximal end of the
reverse dilator further comprising ports for infusion or removal of pressurized fluid
into the inflation lumens of the reverse dilator and for generating a vacuum between
the proximal and distal balloons;

wherein the dilator is operable to expand the sheath collapsible region from a
first, radially collapsed cross-sectional area to a second, larger, radially expanded

cross-sectional area; and

further wherein the reverse dilator is configured to have iis. proximal and distal
balloons expanded to seal against the lumen of the sheath tube such that the
vacﬁum' drawn between the proximal and  distal balloons of the reverse dilator
causes re-collapse of the collapsible portion of the sheath from the second, larger

cross-sectional area to a third, smaller cross-sectional area.

66. The apparatus of Claim 65 wherein the dilator is non-removable and

integral to the interior of the axially elongate sheath tube.
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