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Description

Background of the Invention

Field of the Invention

[0001] The invention relates to medical devices for
transluminally accessing body lumens and cavities and,
more particularly, for accessing the mammalian urinary
tract.

Description of the Related Art

[0002] A wide variety of diagnostic or therapeutic pro-
cedures involves the introduction of a device through a
natural access pathway such as a body lumen or cavity.
A general objective of access systems, which have been
developed for this purpose, is to minimize the cross-sec-
tional area of the access lumen, while maximizing the
available space for the diagnostic or therapeutic instru-
mentation. These procedures are especially suited for
the urinary tract of the human or other mammal. The uri-
nary tract is relatively short and substantially free from
the tortuosity found in many endovascular applications.
[0003] Ureteroscopy is an example of one type of ther-
apeutic interventional procedure that relies on a natural
access pathway, which is the urethra, the bladder, which
is a body cavity, and the ureter, another body lumen.
Ureteroscopy is a minimally invasive procedure that can
be used to provide access to the upper urinary tract, spe-
cifically the ureter and kidney. Ureteroscopy is utilized
for procedures such as stone extraction, stricture treat-
ment, or stent placement. Other types of therapeutic in-
terventional procedures suitable for use with expandable
sheath technology include endovascular procedures
such as introduction of cardiac valve replacements or
repair devices via a percutaneous access to the vascu-
lature. Gastrointestinal procedures, again percutaneous-
ly performed, include dilation of the common bile duct
and removal of gallstones.
[0004] To perform a procedure in the ureter, a cysto-
scope is placed into the bladder through the urethra. A
guidewire is next placed, through the working channel of
the cystoscope and under direct visual guidance, into the
target ureter. Once guidewire control is established, the
cystoscope is removed and the guidewire is left in place.
A ureteral sheath or catheter is next advanced through
the urethra over the guidewire, through the bladder and
on into the ureter. The guidewire may now be removed
to permit instrumentation of the ureteral sheath or cath-
eter. A different version of the procedure involves leaving
the guidewire in place and passing instrumentation
alongside or over the guidewire. In yet another version
of the procedure, a second guidewire or "safety wire"
may be inserted into the body lumen or cavity and left in
place during some or all of the procedure.
[0005] Certain current techniques involve advancing a
flexible, 10 to 18 French, ureteral sheath or catheter with

integral flexible, tapered obturator over the guidewire.
Because axial pressure is required to advance and place
each catheter, care must be taken to avoid kinking the
sheath, catheter, or guidewire during advancement so
as not to compromise the working lumen of the catheter
through which instrumentation, such as ureteroscopes
and stone extractors, can now be placed. The operator
must also exercise care to avoid advancing the sheath
or catheter against strictures or body lumen or cavity
walls with such force that injury occurs to said body lumen
or cavity walls.
[0006] One of the issues that arise during ureteroscopy
is the presence of an obstruction or stenosis in the ureter,
which is sometimes called a stricture, that prohibits a
sheath or catheter with a sufficiently large working chan-
nel from being able to be advanced into the ureter. Such
conditions may preclude the minimally invasive approach
and require more invasive surgical procedures in order
to complete the task. Urologists may be required to use
sheaths or catheters with suboptimal central lumen size
because they are the largest catheters that can be ad-
vanced to the proximal end of the ureter. Alternatively,
urologists may start with a larger catheter and then need
to downsize to a smaller catheter, a technique that results
in a waste of time and expenditure. Finally, a urologist
may need to dilate the ureter with a dilation system before
placing the current devices, again a waste of time and a
need for multiple devices to perform the procedure. In
most cases, it is necessary for the urologist to perform
fluoroscopic evaluation of the ureter to determine the
presence or absence of strictures and what size catheter
would work for a given patient.
[0007] Additional information regarding ureteroscopy
can be found in Su, L, and Sosa, R.E., Ureteroscopy and
Retrograde Ureteral Access, Campbell’s Urology, 8th ed,
vol. 4, pp. 3306-3319 (2002), Chapter 97. Philadelphia,
Saunders, and Moran, M.E., editor, Advances in Ureter-
oscopy, Urologic Clinics of North America, vol. 31, No. 1
(February 2004).
[0008] US-A-5662614 discloses a balloon expandable
universal access sheath that can be used in surgical pro-
cedures. The apparatus includes a hollow sheath having
a longitudinal axis extending between a first and second
end, a hollow housing defining a housing chamber com-
municating with the first end of the hollow sheath and a
valve disposed within the housing chamber. The valve
allows for the insertion of a second apparatus into the
housing chamber and through the sheath but substan-
tially retards blood from exiting the housing chamber.
[0009] US 2005/124937 A1 discloses an expandable
percutaneous sheath, for introduction into the body in a
first, low cross-sectional area configuration, and subse-
quent expansion to a second, enlarged cross-sectional
configuration. The sheath is maintained in the first, low
cross-sectional area configuration by a tubular restraint.
[0010] US-A-5092839 discloses an apparatus for re-
moving thrombus and plaque from a coronary artery. The
apparatus comprises a balloon catheter and a coronary
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thrombectomy catheter for insertion into a partially oc-
cluded coronary artery. A balloon at the distal end of the
balloon catheter may be inflated to expand the distal end
of the coronary thrombectomy catheter.
[0011] US-A-5092839 discloses a balloon expandable
universal access sheath comprising a hollow sheath, a
hollow housing defining a housing chamber communi-
cating with a first end of the sheath, a first valve allowing
insertion of a second instrument into the housing cham-
ber and a second valve allowing insertion of the second
instrument from a first chamber to a second chamber
within the housing chamber.

Summary of the Invention

[0012] A need therefore remains for improved access
technology, which allows a device to be transluminally
passed through a relatively small diameter duct, while
accommodating the introduction of relatively large diam-
eter instruments. It would be beneficial if a urologist did
not need to inventory and use a range of catheter diam-
eters. It would be far more useful if one catheter diameter
could fit the majority of patients. Ideally, the catheter
would be able to enter a vessel or body lumen with a
diameter of 6 to 10 French or smaller, and be able to
pass instruments through a central lumen that was 12 to
18 French. These requirements appear to be contradic-
tory but can be resolved by an embodiment described
herein. Advantageously the sheath would also be maxi-
mally visible under fluoroscopy and would be relatively
inexpensive to manufacture. The sheath or catheter
would preferably be kink resistant and minimize abrasion
and damage to instrumentation being passed there-
through. Preferably, the sheath or catheter would further
minimize the potential for injury to body lumen or cavity
walls or surrounding structures. Such damage could po-
tentially lead to strictures, leakage of body lumen or cavity
contents into surrounding spaces, contamination, hem-
orrhage, or the like.
[0013] According to the present invention there is pro-
vided an expandable transluminal access sheath as de-
fined by the claims.
[0014] Accordingly, one embodiment comprises using
a radially expanding access sheath to provide access to
the ureter, kidney, or bladder. In one such embodiment,
the sheath would have an introduction outside diameter
that ranged from 4 to 12 French with a preferred range
of 5 to 10 French. The diameter of the sheath would be
expandable to permit instruments ranging up to 60
French to pass therethrough, with a preferred range of
between 3 and 20 French. The ability to pass the large
instruments through a catheter introduced with a small
outside diameter is derived from the ability to expand the
distal end of the catheter to create a larger through lumen.
The expandable distal end of the catheter can comprise
75% or more of the overall working length of the catheter.
The proximal end of the catheter is generally larger to
provide for pushability, control, and the ability to pass

large diameter instruments therethrough.
[0015] Another embodiment comprises a transluminal
access system for providing minimally invasive access
to anatomically proximal structures. The system includes
an access sheath comprising an axially elongate tubular
body that defines a lumen extending from the proximal
end to the distal end of the sheath. At least a portion of
the distal end of the elongate tubular body is expandable
from a first, smaller cross-sectional profile to a second,
greater cross-sectional profile. In such an embodiment,
the first, smaller cross-sectional profile is created by mak-
ing axially oriented folds in the sheath material. These
folds may be located in only one circumferential position
on the sheath, or there may be a plurality of such folds
or longitudinally oriented crimps in the sheath. The folds
or crimps may be made permanent or semi-permanent
by heat-setting the structure, once folded. In one embod-
iment, a releasable jacket is carried by the access sheath
to restrain at least a portion of the elongate tubular struc-
ture in the first, smaller cross-sectional profile. In another
embodiment, the jacket is removed prior to inserting the
sheath into the patient. In some embodiments, the elon-
gate tubular body is sufficiently pliable to allow the pas-
sage of objects having a maximum cross-sectional diam-
eter larger than an inner diameter of the elongate tubular
body in the second, greater cross-sectional profile. The
adaptability to objects of larger dimension is accom-
plished by re-shaping of the cross-section to the larger
dimension in one direction accompanied by a reduction
in dimension in a lateral direction. The adaptability may
also be generated through the use of malleable or elas-
tomerically deformable sheath material.
[0016] In another embodiment, a transluminal access
sheath assembly for providing minimally invasive access
comprises an elongate tubular member having a proxi-
mal end and a distal end and defines a working inner
lumen. In this embodiment, the tubular member compris-
es a folded or creased sheath that is expanded by a dil-
atation balloon. The dilatation balloon, can be filled with
fluids at appropriate pressure, to generate the force to
expand the sheath. The dilatation balloon is preferably
removable to permit subsequent instrument passage
through the sheath. In some embodiments, longitudinal
runners may be disposed within the sheath to serve as
tracks for instrumentation, which further minimize friction
while minimizing the risk of catching the instrument on
the expandable plastic tubular member. Such longitudi-
nal runners are preferably circumferentially affixed within
the sheath so as not to shift out of alignment. In yet an-
other embodiment, the longitudinal runners may be re-
placed by longitudinally oriented ridges and valleys,
termed flutes. The flutes, or runners, can be oriented
along the longitudinal axis of the sheath, or they can be
oriented in a spiral, or rifled, fashion.
[0017] In each of the embodiments, the proximal end
of the access assembly, apparatus, or device is prefer-
ably fabricated as a structure that is flexible, resistant to
kinking, and further retains both column strength and
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torqueability. Such structures can include, but are not
limited to, tubes fabricated with coils or braided reinforce-
ments and preferably comprise inner walls that prevent
the reinforcing structures from protruding, poking
through, or becoming exposed to the inner lumen of the
access apparatus. Such proximal end configurations
may be single lumen, or multi-lumen designs, with a main
lumen suitable for instrument or obturator passage and
additional lumens being suitable for control and opera-
tional functions such as balloon inflation. Such proximal
tube assemblies can be affixed to the proximal end of
the distal expandable segments described heretofore. In
an embodiment, the proximal end of the catheter includes
an inner layer of thin polymeric material, an outer layer
of polymeric material, and a central region comprising a
coil, braid, stent, plurality of hoops, or other reinforce-
ment. In such an embodiment, it is beneficial to create a
bond between the outer and inner layers at a plurality of
points, most preferably at the interstices or perforations
in the reinforcement structure, which is generally fenes-
trated. Such bonding between the inner and outer layers
causes a braided structure to lock in place. In another
embodiment, the inner and outer layers are not fused or
bonded together in at least some, or all, places. When
similar materials are used for the inner and outer layers,
the sheath structure can advantageously be fabricated
by fusing of the inner and outer layer to create a uniform,
non-layered structure surrounding the reinforcement.
The polymeric materials used for the outer wall of the
jacket are preferably elastomeric to maximize flexibility
of the catheter. The polymeric materials used in the com-
posite catheter inner wall may be the same materials as
those used for the outer wall, or they may be different.
In another embodiment, a composite tubular structure
can be coextruded by extruding a polymeric compound
with a braid or coil structure embedded therein. The re-
inforcing structure is preferably fabricated from annealed
metals, such as fully annealed stainless steel, titanium,
or the like. In this embodiment, once expanded, the folds
or crimps can be held open by the reinforcement structure
embedded within the sheath, wherein the reinforcement
structure is malleable but retains sufficient force to over-
come any forces imparted by the sheath tubing.
[0018] In certain embodiments, it is beneficial that the
sheath comprise a radiopaque marker or markers. The
radiopaque markers may be affixed to the non-expand-
able portion or they may be affixed to the expandable
portion. Markers affixed to the radially expandable por-
tion preferably do not restrain the sheath or catheter from
radial expansion or collapse. Markers affixed to the non-
expandable portion, such as the catheter shaft of a bal-
loon dilator may be simple rings that are not radially ex-
pandable. Radiopaque markers include shapes fabricat-
ed from malleable material such as gold, platinum, tan-
talum, platinum iridium, and the like. Radiopacity can also
be increased by vapor deposition coating or plating metal
parts of the catheter with metals or alloys of gold, plati-
num, tantalum, platinum-iridium, and the like. Expanda-

ble markers may be fabricated as undulated or wavy
rings, bendable wire wound circumferentially around the
sheath, or other structures such as are found commonly
on stents, grafts or catheters used for endovascular ac-
cess in the body. Expandable structures may also include
dots or other incomplete surround shapes affixed to the
surface of a sleeve or other expandable shape. Non-ex-
pandable structures include circular rings or other struc-
tures that completely surround the catheter circumferen-
tially and are strong enough to resist expansion. In an-
other embodiment, the polymeric materials of the cath-
eter or sheath, including those of the sheath composite
wall, may be loaded with radiopaque filler materials such
as, but not limited to, bismuth salts, or barium salts, or
the like, at percentages ranging from 1% to 50% by
weight in order to increase radiopacity.
[0019] In order to enable radial or circumferential ex-
pansive translation of the reinforcement, it may be ben-
eficial not to completely bond the inner and outer layers
together, thus allowing for some motion of the reinforce-
ment in translation as well as the normal circumferential
expansion. Regions of non-bonding may be created by
selective bonding between the two layers or by creating
non-bonding regions using a slip layer fabricated from
polymers, ceramics or metals. Radial expansion capa-
bilities are important because the proximal end needs to
transition to the distal expansive end and, to minimize
manufacturing costs, the same catheter may be em-
ployed at both the proximal and distal end, with the ex-
pansive distal end undergoing secondary operations to
permit radial or diametric expansion.
[0020] In another embodiment, the distal end of the
catheter is fabricated using an inner tubular layer, which
is thin and lubricious. This inner layer is fabricated from
materials such as, but not limited to, FEP, PTFE, polya-
mide, polyethylene, polypropylene, Pebax, Hytrel, and
the like. Radiopaque filler materials can be added to the
polymer inner layer during extrusion to enhance visibility
under fluoroscopy. The reinforcement layer comprises a
coil, braid, stent, or plurality of expandable, foldable, or
collapsible rings, which are generally malleable and
maintain their shape once deformed. Preferred materials
for fabricating the reinforcement layer include but are not
limited to, stainless steel, tantalum, gold, platinum, plat-
inum-iridium, titanium, nitinol, and the like. The materials
are preferably fully annealed or, in the case of nitinol,
fully martensitic. The outer layer is fabricated from ma-
terials such as, but not limited to, FEP, PTFE, polyamide,
polyethylene, polypropylene, polyurethane, Pebax,
Hytrel, and the like. The inner layer is fused or bonded
to the outer layer through holes in the reinforcement layer
to create a composite unitary structure. The structure is
crimped radially inward to a reduced cross-sectional ar-
ea. A balloon dilator is inserted into the structure before
crimping or after an initial crimping and before a final
sheath crimping. The balloon dilator is capable of forced
expansion of the reinforcement layer, which provides suf-
ficient strength necessary to overcome any forces im-
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parted by the polymeric tubing.
[0021] Also described is a method of providing trans-
luminal access. The method comprises inserting a cys-
toscope into a patient, transurethrally, into the bladder.
Under direct optical visualization, fluoroscopy, MRI, or
the like, a guidewire is passed through the instrument
channel of the cystoscope and into the bladder. The
guidewire is manipulated, under the visual control de-
scribed above, into the ureter through its exit into the
bladder. The guidewire is next advanced to the appro-
priate location within the ureter. The cystoscope is next
removed, leaving the guidewire in place. The ureteral
access sheath is next advanced over the guidewire
transurethrally so that its distal tip is now resident in the
ureter or the kidney. The position of the guidewire is main-
tained carefully so that it does not come out of the ureter
and fall into the bladder. The removable dilator comprises
the guidewire lumen, and is used to guide placement of
the access sheath into the urinary lumens. Expansion of
the distal end of the access sheath from a first smaller
diameter cross-section to a second larger diameter
cross-section is next performed, using the balloon dilator.
The balloon dilator is subsequently removed from the
sheath to permit passage of instruments that would not
normally have been able to be inserted into the ureter
due to the presence of strictures, stones, or other sten-
oses. The method further optionally involves releasing
the elongate tubular body from a constraining tubular
jacket, removing the expandable member from the elon-
gate tubular body; inserting appropriate instrumentation,
and performing the therapeutic or diagnostic procedure.
Finally, the procedure involves removing the elongate
tubular body from the patient. Once the sheath is in place,
the guidewire may be removed or, preferably, it may be
left in place. Alternatively, a second guidewire, or safety
wire, can be introduced into the ureter and be placed
alongside or through the sheath.
[0022] Where the transluminal access sheath is used
to provide access to the upper urinary tract, the access
sheath may be used to provide access by tools adapted
to perform biopsy, urinary diversion, stone extraction, an-
tegrade endopyelotomy, and resection of transitional cell
carcinoma and other diagnostic or therapeutic proce-
dures of the upper urinary tract or bladder. Other appli-
cations of the transluminal access sheath include a va-
riety of diagnostic or therapeutic clinical situations, which
require access to the inside of the body, through either
an artificially created, percutaneous access, or through
another natural body lumen.
[0023] For purposes of summarizing the invention, cer-
tain aspects, advantages and novel features are de-
scribed herein. It is to be understood that not necessarily
all such advantages may be achieved in accordance with
any particular embodiment. 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 with-
out necessarily achieving other advantages as may be

taught or suggested herein. These and other objects and
advantages will be more apparent from the following de-
scription taken in conjunction with the accompanying
drawings.

Brief Description of the Drawings

[0024] A general architecture that implements the var-
ious features of an embodiment will now be described
with reference to the drawings. The drawings and the
associated descriptions are provided to illustrate embod-
iments of the invention and not to limit the scope of the
invention. Throughout the drawings, reference numbers
are re-used to indicate correspondence between refer-
enced elements.

Figure 1 is a front view schematic representation of
the urethra, bladder, ureter, and kidneys;
Figure 2 is a front view schematic representation of
the urethra, bladder, ureter, and kidneys with a cath-
eter passed into the ureter by way of the urethra;
Figure 3A is a cross-sectional illustration of an em-
bodiment of a radially expandable transluminal cath-
eter or sheath comprising a tube that is folded, at its
distal end in longitudinal creases, a balloon dilator,
and an outer retaining sleeve, the sheath tube and
dilator being in their radially collapsed configuration;
Figure 3B is a partial cross-sectional illustration of
the radially expandable transluminal sheath of Fig-
ure 3A, wherein the sheath and the dilator are in their
radially expanded configuration,
Figure 3C illustrates a side view of the radially ex-
panded transluminal sheath of Figure 3B, wherein
the dilator has been removed, according to an em-
bodiment;
Figure 4 illustrates a side view of another embodi-
ment of a radially expandable transluminal catheter
or sheath comprising a removable shroud covering
the distal expandable region, according to an em-
bodiment;
Figure 5A is an illustration of another embodiment
of a radially expandable transluminal sheath further
comprising a plurality of longitudinally disposed run-
ners;
Figure 5B illustrates a side view of the radially ex-
pandable sheath of Figure 5A wherein the internal
balloon dilator has expanded the distal portion of the
sheath;
Figure 5C illustrates a lateral cross-section of the
distal portion of the transluminal sheath of Figure 5A
wherein the sheath covering comprises flutes or lon-
gitudinally disposed lines of increased thickness;
Figure 6A illustrates a side cutaway view of another
embodiment of a radially collapsed sheath compris-
ing an expandable distal region with one or more
longitudinal folds and a malleable coil reinforcing lay-
er embedded within the distal region;
Figure 6B illustrates the sheath of Figure 6A, with
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cutaway sections, wherein the balloon has expand-
ed the distal region of the sheath to its fully expanded
configuration;
Figure 7A illustrates a radially expandable translu-
minal sheath, not being an embodiment of the
claimed invention, comprising a malleable expand-
able stent-like reinforcement, a balloon dilator, and
an unfolding sleeve with the distal end of the sheath,
comprising this structure, is crimped or compressed
radially inward for delivery to the patient;
Figure 7B illustrates the radially expandable trans-
luminal sheath of Figure 7A wherein the distal sec-
tion has been expanded by the balloon dilator;
Figure 8A illustrates another embodiment of a radi-
ally expandable transluminal sheath comprising a
dilatation balloon, a malleable, reinforced, folded,
expandable distal end, a braid reinforced proximal
end;
Figure 8B illustrates an enlarged view of the distal
tip of the distal region of the sheath of Figure 8A with
a breakaway of the outer layer showing the reinforc-
ing layer, the inner layer, and the expandable radi-
opaque marker;
Figure 9A illustrates the distal end of an embodiment
of a radially expandable transluminal sheath with a
step transition from the distal edge of the sheath and
the balloon dilator;
Figure 9B illustrates the distal end of the radially ex-
pandable transluminal sheath of Figure 9A wherein
a fairing sleeve has been added to the dilator to
smooth the step transition;
Figure 9C illustrates the distal end of the radially ex-
pandable transluminal sheath of Figure 9B, wherein
the sheath has been expanded by a dilatation bal-
loon, the fairing sleeve has slipped off the sheath
distal edge and now resides against the outside of
the dilatation balloon;
Figure 10A illustrates a lateral cross-section of an
embodiment of a sheath tube configured with dis-
creet thin areas, running longitudinally along the
tube;
Figure 10B illustrates a lateral cross-section of the
sheath tube of Figure 10A which has been folded at
the thin areas to create a smaller diameter tube;
Figure 10C illustrates a lateral cross-section of the
sheath tube of Figure 10B, which has been folded
down over a balloon, which has further been folded
into four flaps and has been compressed against its
central tubing;
Figure 10D illustrates a lateral cross-section of an
embodiment of a sheath tube comprising an inner
lubricious layer, a reinforcing layer, an intermediate
elastomeric layer, and an outer lubricious layer;
Figure 10E illustrates a lateral cross-section of an
embodiment of an expandable sheath tube compris-
ing a double longitudinal fold;
Figure 11A illustrates a side view of a sheath, not
being an embodiment of the claimed invention, com-

prising split ring reinforcement, with its distal end col-
lapsed radially;
Figure 11B illustrates a radially expandable sheath
with split ring reinforcement as in Figure 11A, where-
in the distal end has been expanded;
Figure 12 illustrates the distal end of an embodiment
of a radially expandable sheath with a fairing internal
to the balloon;
Figure 13A illustrates the proximal end of an embod-
iment of radially expandable sheath for endovascu-
lar use further comprising a valve integral to the
sheath hub and a valve connected to the dilator hub;
Figure 13B illustrates the proximal end of an embod-
iment of a radially expandable sheath for laparoscop-
ic use, further comprising a valve integral to the
sheath hub, according to an embodiment of the in-
vention; and
Figure 14 illustrates a cross-sectional view of the
proximal end of a another embodiment of a radially
expandable sheath hub and dilator hub.

[0025] The embodiments depicted at figures 7A, 7B,
11A and 11B and described below in the corresponding
passages do not represent the invention but background
examples.

Detailed Description of the Preferred Embodiments

[0026] With reference to the Figures 1-14, various em-
bodiments of a catheter or a sheath will be described. A
catheter or a sheath, can be described as being an axially
elongate hollow substantially tubular structure having a
proximal end and a distal end. The axially elongate struc-
ture further has a longitudinal axis and preferably has an
internal through lumen that can extend from the proximal
end to the distal end for the passage of instruments, im-
plants, fluids, tissue, or other materials. The axially elon-
gate hollow tubular structure is preferably generally flex-
ible and capable of bending, to a greater or lesser degree,
through one or more arcs in one or more directions per-
pendicular to the main longitudinal axis. In many embod-
iments, the tubular structure and the internal lumen have
a substantially circular cross-section but in other embod-
iments the cross-section can have another shape (e.g.,
oval, rectangular etc.)
[0027] As is commonly used in the art of medical de-
vices, the proximal end of the device is that end that is
closest to the user, typically a surgeon or interventional-
ist. The distal end of the device is that end closest to the
patient or that is first inserted into the patient. A direction
being described as being proximal to a certain landmark
will be closer to the surgeon, along the longitudinal axis,
and further from the patient than the specified landmark.
The diameter of a catheter is often measured in "French
Size" which can be defined as 3 times the diameter in
millimeters (mm). For example, a 15 French catheter is
5mm in diameter. The French size is designed to approx-
imate the circumference of the catheter in mm and is
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often useful for catheters that have non-circular cross-
sectional configurations. While the original measurement
of "French" used pi (3.14159...) as the conversion factor
between diameters in mm and French, the system has
evolved today to where the conversion factor is exactly
3.0.
[0028] Figure 1 is a schematic frontal illustration of a
urinary system 100 of the human comprising a urethra
102, a bladder 104, a plurality of ureters 106, a plurality
of kidneys 110 and a plurality of entrances 114 to the
ureter from the bladder. In this illustration, the left ana-
tomical side of the body is toward the right of the illustra-
tion.
[0029] Referring to Figure 1, the urethra 102 is lined
on its interior by urothelium. Generally, the internal sur-
faces of the urethra 102, the bladder 104, and ureters
106 are considered mucosal tissue. The urethra 102 is
relatively short in women and may be long in men since
it runs through the entire length of the penis. The circum-
ference of the unstretched urethra 102 is generally in the
range of pi times 8mm, or 24mm, although the urethra
102 generally approximates the cross-sectional shape
of a slit when no fluid or instrumentation is resident there-
in. The bladder 104 has the capability of holding between
100 and 300 cm3 (cc) of urine or more. The volume of
the bladder 104 increases and decreases with the
amount of urine that fills therein. During a urological pro-
cedure, saline is often infused into the urethra 102 and
bladder 104 thus filling the bladder 104. The general
shape of the bladder 104 is that of a funnel with a dome
shaped top. Nervous sensors detect muscle stretching
around the bladder 104 and a person generally empties
their bladder 104, when it feels full, by voluntarily relaxing
the sphincter muscles that surround the urethra 102. The
ureters 106 operably connect the kidneys 110 to the blad-
der 104 and permit drainage of urine that is removed from
the blood by the kidneys 110 into the bladder 104. The
diameter of the ureters 106 in their unstretched configu-
ration approximates a round tube with a 4mm diameter,
although their unstressed configuration may range from
round to slit-shaped. The ureters 106 and the urethra 102
are capable of some expansion with the application of
internal forces such as a dilator, etc. The entrances 114
to each of the ureters 106, of which there are normally
two, are located on the wall of the bladder 104 in the
lower region of the bladder 104.
[0030] Figure 2 is a schematic frontal illustration, look-
ing in the posterior direction from the anterior direction,
of the urinary system 100 comprising the urethra 102,
the bladder 104, a plurality of ureters 106 having entranc-
es 114, a plurality of kidneys 110, a stricture 202 in the
left ureter, and further comprising a catheter 204 extend-
ing from the urethra 102 into the right kidney 110. In this
illustration, the left anatomical side of the body is toward
the right of the illustration.
[0031] Referring to Figure 2, the stricture 202 may be
the result of a pathological condition such as an infection.
The stricture may also be the result of iatrogenic injury

such as that attributed to a surgical instrument or catheter
that caused damage to the wall of the ureter 106. The
stricture 202 may be surrounded by fibrous tissue and
may prevent the passage of instrumentation that would
normally have passed through a ureter 106. The catheter
204 is exemplary of the type used to access the ureter
106 and the kidney 110, having been passed transure-
thrally into the bladder 104 and on into the ureter 106. A
catheter routed from the urethra 102 into one of the ure-
ters 106 may turn a sharp radius within the open unsup-
ported volume of the bladder 104. The radius of curvature
necessary for a catheter to turn from the urethra 102 into
the ureter 106 may be between 1cm and 10cm and in
most cases between 1.5cm and 5cm. The catheter is
generally first routed into the ureter 106 along a guidewire
that is placed using a rigid cystoscope. The rigid cysto-
scope, once it is introduced, straightens out the urethra
102 and is aimed close to the entrance 114 to the ureter
106 to facilitate guidewire placement through the working
lumen of the cystoscope.
[0032] Figure 3A illustrates a longitudinal view of an
embodiment of an expandable transluminal sheath 300
adapted for use in the urinary system 100 of Figures 1
and 2. The front (distal) section of the sheath 300 is de-
picted in exterior view and not in cross-section. The prox-
imal region 302 and the central region are shown in lon-
gitudinal cross-section. The transluminal sheath 300
comprises a proximal end 302 and a distal end 304. In
the illustrated embodiment, the proximal end 302 further
comprises a proximal sheath tube 306, a sheath hub 308,
an optional sleeve 310, an optional sleeve grip 312, an
inner catheter shaft 318, an outer catheter shaft 324, and
a catheter hub 316. The catheter hub 316 further com-
prises the guidewire access port 332. The catheter shaft
318 further comprises a guidewire lumen 334. The distal
end 304 further comprises a distal sheath tube 322, the
inner catheter shaft 318, and a balloon 320. The distal
sheath tube 322 is folded longitudinally into one, or more,
creases 328 to reduce the tubes 322 cross-sectional pro-
file. The sheath hub 308 further comprises a distally fac-
ing surface 340, a proximally facing surface 342, a ta-
pered distal edge 344, and a tie-down grommet 346.
[0033] Referring to Figure 3A, the proximal end 302
generally comprises the proximal sheath tube 306 that
can be permanently affixed or otherwise coupled to the
sheath hub 308. The optional sleeve 310 is tightly
wrapped around the proximal sheath tube 306 and is
generally able to be split lengthwise and be removed or
disabled as a restraint by pulling on the optional sleeve
grip 312 that is affixed to the sleeve 310. The optional
sleeve 310 is preferably fabricated from transparent ma-
terial, or material with a color other than that of the sheath
300, and is shown so in Figure 3A and 3B. The proximal
end further comprises the inner catheter shaft 318, the
outer catheter shaft 324, and the catheter hub 316. The
catheter hub 316 is integrally molded with, welded to,
bonded or otherwise coupled, to the guidewire port 332.
The dilator, or catheter, hub 316 allows for gripping the
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dilator and it allows for expansion of the dilatation balloon
320 by pressurizing an annulus between the inner cath-
eter shaft 318 and the outer catheter shaft 324, said an-
nulus having openings into the interior of the balloon 320.
The balloon 320 is preferably bonded, at its distal end,
either adhesively or by fusion, using heat or ultrasonics,
to the inner catheter shaft 318. The proximal end of the
balloon 320 is preferably bonded or welded to the outer
catheter shaft 324. In another embodiment, pressuriza-
tion of the balloon 320 can be accomplished by injecting
fluid, under pressure, into a separate lumen in the inner
or outer catheter shafts 318 or 324, respectively, said
lumen being operably connected to the interior of the
balloon 320 by openings or scythes in the catheter tubing.
Such construction can be created by extruding a multi-
lumen tube, rather than by nesting multiple concentric
tubes. The distal end 304 generally comprises the distal
sheath tube 322 which is folded into creases 328 running
along the longitudinal axis and which permit the area so
folded to be smaller in diameter than the sheath tube
306. The inner catheter shaft 318 comprises a guidewire
lumen 334 that may be accessed from the proximal end
of the catheter hub 316 and preferably passes completely
through to the distal tip of the catheter shaft 318. The
guidewire lumen 334 is able to slidably receive
guidewires up to and including 0.038-inch (0.97mm) di-
ameter devices.
[0034] As mentioned above, the proximal end of the
sheath 300 comprises the sheath hub 308 and the dilator
hub 316. In one embodiment, the dilator hub 316 is keyed
so that when it is interfaced to, or attached to, the sheath
hub 308, the two hubs 308 and 316 cannot rotate relative
to each other. This is beneficial so that the balloon 320
or the dilator shaft 318 do not become twisted due to
inadvertent rotation of the dilator hub 316 relative to the
sheath hub 308. A twisted balloon 320 has the potential
of not dilating fully because the twist holds the balloon
320 tightly to the dilator shaft 318 and prevents fluid from
fully filling the interior of the balloon 320. Twisting of the
dilator shaft 318 or balloon 320 has the potential for re-
stricting guidewire movement within the guidewire lumen
334 or adversely affecting inflation/deflation characteris-
tics of the balloon 320. Thus, the anti-rotation feature of
the two hubs 308 and 316 can be advantageous in certain
embodiments. The anti-rotation features could include
mechanisms such as, but not limited to, one or more
keyed tab on the dilator hub 316 and one or more corre-
sponding keyed slot in the sheath hub 308.
[0035] In the illustrated embodiment, axial separation
motion between the dilator hub 316 and the sheath hub
308 easily disengages the two hubs 308 and 316 while
rotational relative motion is prevented by the sidewalls
of the tabs and slots. A draft angle on the sidewalls of
the tabs and the slots further promotes engagement and
disengagement of the anti-rotation feature. In another
embodiment, the sheath hub 308 is releaseably affixed
to the dilator hub 316 so the two hubs 308 and 316 are
coaxially aligned and prevented from becoming inadver-

tantly disengaged or separated laterally. In this embod-
iment, the two hubs 308 and 316 are connected at a
minimum of 3 points, which prevent lateral relative motion
in both of two substantially orthogonal axes. In a preferred
embodiment, the two hubs 308 and 316 are engaged
substantially around their full 360-degree perimeter.
Manual pressure is sufficient to snap or connect the two
hubs 308 and 316 together as well as to separate the
two hubs 308 and 316.
[0036] In another embodiment, the distal end of the
sheath hub 308 is configured to taper into the sheath
tubing 306 at the distal taper 344 so that the sheath hub
308 distal end 344 and the proximal end of the sheath
tubing 306 can be advanced, at least partly, into the ure-
thra or urethral meatus without causing tissue damage.
The sheath hub 308 serves as the handle for the sheath
300 and is generally a cylinder of revolution with certain
changes in outside diameter moving from distal to prox-
imal end. In the illustrated embodiment, the distal facing
surface 340 of the sheath hub 308 can define a cone
tapering inward moving increasingly distally. The cone,
in longitudinal cross-section, can be characterized by two
exterior walls, symmetrically disposed about a centerline,
each of said exterior walls being curvilinear and describ-
ing a concave outline. In a preferred embodiment, the
exterior outline of the distal surface 340 of the sheath
hub 308 can describe a linear outline, with surfaces run-
ning generally parallel to the longitudinal axis of the
sheath tubing 306 and other surfaces running generally
perpendicular to the longitudinal axis of the sheath tubing
306. In this preferred embodiment, there are no curvilin-
ear axial cross-sectional outlines except at regions of fil-
lets or other rounding to substantially eliminate any sharp
edges that could cut through gloves or fingers. The prox-
imally facing surface 342 of the sheath hub 308 can be
curvilinear and flared with a longitudinal cross-section
outline appearing like the internal surface of a bell, such
shape acting as a funnel for instrumentation. In this em-
bodiment, the axial cross-sectional view of the distally
facing surface 342 describes two interior walls, symmet-
rically disposed about a centerline, each of the walls be-
ing convex when viewed from the proximal end of the
sheath 300. In a preferred embodiment, the proximally
facing surface 342 of the sheath hub 308 can appear
substantially linear with edges that are oriented substan-
tially perpendicular to the longitudinal axis of the sheath
tubing 306. The access through the proximal surface 342
of the sheath hub 308 to the inner lumen of the sheath
300, can be curvilinear and flared, or it can be linear and
describe a lumen that is generally parallel to the longitu-
dinal axis. In another embodiment, the access port
through the proximal end 342 of the sheath hub 308 can
comprise a straight taper, such as a 6 percent Luer taper
to allow for sealing with other devices inserted therein or
to allow for ease of device insertion. The amount of end
taper can vary between 1-© degrees and 20 degrees
between each side and the longitudinal axis of the sheath
300. The maximum outer diameter of the sheath hub 308
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can be between 0.25 and 2.0 inches (between 6.4 and
51mm), with a preferred range of between 0.5 and 1.0
inches (between 13 and 25mm). The sheath hub 308 can
be sized so that at least half a finger diameter is cradled
by each side of the flange of the hub 308. The distally
facing surface 340 of the sheath hub 308 can furthermore
be shaped to have substantially the same curve radius
as a finger, so as to be received, or grasped, between
two fingers of the hand, cigarette style, like the technique
used for control of cystoscopes. In another embodiment,
the sheath hub 308 can be sized and configured to be
grasped between a thumb and finger, like a pencil or
catheter, where there are no features or curves on the
distally facing surface 340 of the sheath hub 308 to ap-
proximately match or conform to the shape or diameter
of two fingers.
[0037] In the illustrated embodiment of Figure 3A, the
distal end 304 of the device comprises the catheter shaft
318 and the dilatation balloon 320. The catheter hub 316
may removably lock onto the sheath hub 308 to provide
increased integrity to the system and maintain longitudi-
nal relative position between the catheter shaft 318 and
the sheath tubing 322 and 306. The catheter hub 316
can have a taper leading from the proximal outside end
into any internal or through lumens. The catheter shaft
318 and the balloon 320 are slidably received within the
proximal sheath tube 306. The catheter shaft 318 and
balloon 320 are slidably received within the distal sheath
tube 322 when the distal sheath tube 322 is radially ex-
panded but are frictionally locked within the distal sheath
tube 322 when the tube 322 is radially collapsed. The
outside diameter of the distal sheath tube 322 ranges
from about 4 French to about 16 French in the radially
collapsed configuration with a preferred size range of
about 5 French to about 10 French. The outside diameter
is an important parameter for introduction of the device.
Once expanded, the distal sheath tube 322 has an inside
diameter ranging from about 8 French to about 20
French. In many applications, the inside diameter is more
important than the outside diameter once the device has
been expanded. The wall thickness of the sheath tubes
306 and 322 can range from about 0.002 to about 0.030
inches (from about 0.05 to about 0.8mm) with a preferred
thickness range of about 0.005 to about 0.020 inches
(about 0.13 to about 0.5mm).
[0038] Figure 3B illustrates a cross-sectional view of
the sheath 300 of Figure 3A wherein the balloon 320 has
been inflated causing the sheath tube 322 at the distal
end 304 to expand and unfold the longitudinal creases
or folds 328. Preferably, the distal sheath tube 322 has
the properties of being able to bend or yield, especially
at crease lines, and maintain its configuration once the
forces causing the bending or yielding are removed. The
proximal sheath tube 306 is can be affixed to the sheath
hub 308 by insert molding, bonding with adhesives, weld-
ing, or the like. As mentioned above, the balloon 320 can
be been inflated by pressurizing the annulus between
the inner tubing 318 and the outer tubing 324 by appli-

cation of an inflation device at the inflation port 330 which
is integral to, bonded to, or welded to the catheter hub
316. The pressurization annulus empties into the balloon
320 at the distal end of the outer tubing 324. Exemplary
materials for use in fabrication of the distal sheath tube
322 include, but are not limited to, polytetrafluoroethylene
(PTFE), fluorinated ethylene polymer (FEP), polyethyl-
ene, polypropylene, polyethylene terephthalate (PET),
and the like. A wall thickness of 0.008 to 0.012 inches
(0.2 to 0.3mm) is generally suitable for a device with a
16 French OD while a wall thickness of 0.019 inches
(0.48mm) is appropriate for a device in the range of 36
French OD. In one embodiment, the resulting through
lumen of the sheath 300 is generally constant in French
size going from the proximal end 302 to the distal end
304. The balloon 320 can be fabricated by techniques
such as stretch blow molding from materials such as pol-
yester, polyamide, irradiated polyethylene, and the like.
[0039] Figure 3C illustrates a side cross-sectional view
of the sheath 300 of Figure 3B wherein the catheter shaft
318, the balloon 320, and the catheter hub 316 have been
withdrawn and removed leaving the proximal end 302
and the distal end 304 with a large central lumen capable
of holding instrumentation. The sleeve 310 and the
sleeve grip 312 have also been removed from the sheath
300. The shape of the distal sheath tube 322 may not be
entirely circular in cross-section, following expansion, but
it is capable of carrying instrumentation the same size
as the round proximal tube 306. Because it is somewhat
flexible and further is able to deform, the sheath 300 can
hold noncircular objects where one dimension is even
larger than the round inner diameter of the sheath 300.
The balloon 320 is preferably deflated prior to removing
the catheter shaft 318, balloon 320 and the catheter hub
316 from the sheath 300.
[0040] Figure 4 illustrates a side view of another em-
bodiment of a radially expandable sheath 300 comprising
a shroud 400. The shroud 400 is removed from the sheath
300 prior to insertion of the sheath 300 into the body
lumen or cavity. In this embodiment, the shroud 400 is
slidably affixed over the distal end of the distal sheath
tube 322 after folding has been completed. The shroud
400, in this embodiment, is closed at its most distal end
and must be removed prior to the procedure in order to
advance the sheath 300 distally over a guidewire. The
shroud 400 can be fabricated from polymeric tubing such
as, but not limited to polyethylene, polypropylene, FEP,
PTFE, polyurethane, polyamide, and the like. The inner
diameter of the shroud 400 is the same as, or only slightly
larger, for example 0.001 to 0.020 inches (0.5mm) larger,
than the outer diameter of the folded distal sheath tube
322. The wall thickness of the shroud 400 can be between
0.0005 and 0.10 inches (0.013 and 2.5mm) and prefer-
ably range between 0.004 and 0.020 inches (between
0.01 and 0.5mm). The shroud 400 further comprises a
plug or closure 402 at the distal end to prevent guidewire
passage therethrough. The plug or closure 402 may have
a profile larger than the shroud 400, or it may comprise
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serrations or bumps, to provide enhanced grip for remov-
al and to remind the user that it should be removed prior
to inserting it into the body lumen or cavity. The shroud
400 serves to protect the distal sheath tube 322 during
shipping and handling and can help maintain the distal
sheath tube 322 in its tightly folded and minimum diam-
eter configuration during sterilization and for extended
periods of storage and shipping. The shroud 400 ideally
encloses the entire fully collapsed distal sheath tube 322,
although less than full enclosure may also be functional.
The shroud 400 may further comprise colors that differ-
entiate it from the rest of the sheath 300, including trans-
parent, translucent, fluorescent, or bright colors of or-
ange, green, red, and the like. The shroud 400 may fur-
ther comprise a label or tag with warnings that it must be
removed prior to use of the sheath 300 on a patient. The
label or tag can be integral to the shroud 400 or the plug
or closure 402.
[0041] Figure 5A illustrates a side view of another em-
bodiment of a sheath-dilator system 500 comprising a
proximal section 502 and a distal section 504. The distal
section 504 comprises a length of dilator tubing 318, a
dilator balloon 320, and a longitudinally folded sheath
tube 510. The distal section 504 further may comprise
longitudinal runners 506 or flutes 520 separated by lon-
gitudinal slots or depressions 508. The proximal section
502 comprises a proximal sheath cover 512, a sheath
hub 308, and a dilator hub 316, further comprising a
guidewire port 408 and a balloon inflation connector 330.
The sheath and catheter hubs 308, 316 can be arranged
as described above.
[0042] Referring to Figure 5A, the folded layer 510 is
similar to the wall 306 of the sheath 300 of Figure 3A.
The folded layer 510 can be affixed, at its proximal end,
to the distal end of the proximal sheath cover 512, which
is non-expansible and surrounds the sheath 500 at its
proximal end. The folded sheath tube 510 can also be
integral to the proximal sheath cover 512, although the
two regions may have different characteristics. The in-
ternal lumen of the folded sheath tube 510 is operably
connected to the inner working lumen of the proximal
sheath cover 512. The folded sheath tube 510 is con-
structed from materials that are plastically deformable,
or malleable, such that the circumference is irreversibly
increased by expansion of the dilator balloon 320 and
the outward forces created thereby. The wall thickness
of the folded sheath tube 510 is preferably generally con-
stant as the folded sheath tube 510 is dilated. The folded
sheath tube 510, once dilated, will generally provide suf-
ficient hoop strength against collapse that it keeps sur-
rounding tissues open. The optional longitudinal runners
506 or flutes 520, separated by the slits or depressions
508, provide a reduced friction track for the passage of
instrumentation within the folded sheath tube 510. The
runners 506 or flutes 520 can be fabricated from materials
such as, but not limited to, PTFE, FEP, PET, stainless
steel, cobalt nickel alloys, nitinol, titanium, polyamide,
polyethylene, polypropylene, and the like. The runners

506 or flutes 520 may further provide column strength
against collapse or buckling of the folded sheath tube
510 when materials such as calcific stones or other debris
is withdrawn proximally through the sheath 500. The run-
ners 506 or flutes 520 may be free and unattached, they
may be integral to the ID material, or they may be affixed
to the interior of the folded sheath tube 510 using adhe-
sives, welding, or the like. In the case of flutes 520, the
structure can be integrally formed with the folded sheath
tube 510, such forming generally occurring at the time of
extrusion or performed later as a secondary operation.
Such secondary operation may include compressing the
folded sheath tube 510 over a fluted mandrel under heat
and pressure. The flutes 520 may advantageously ex-
tend not only in the distal region 504 but also in the interior
of the proximal part of the sheath tubing, and/or, but not
necessarily the hub 308.
[0043] The guidewire port 408 is generally configured
as a Luer lock connector or other threaded or bayonet
mount and the guidewire is inserted therethrough into
the guidewire lumen of the dilator tubing 318 to which
the guidewire port 408 is operably connected. The
guidewire port 408 is preferably integrally fabricated with
the dilator hub 316 but may be a separately fabricated
item that is affixed to the dilator hub 316. A Tuohy-Borst
or other valved fitting is easily attached to such connec-
tors to provide for protection against loss of fluids, even
when the guidewire is inserted.
[0044] Figure 5B illustrates the sheath 500 of Figure
5A wherein the balloon 320 has dilated the distal section
504 diametrically. The proximal sheath cover 512 is un-
changed but the longitudinal runners 506 or flutes 520
have moved apart circumferentially and the longitudinal
slits or depressions 508 have become wider through un-
folding or separating. The folded sheath tube 510 of the
distal section 504 has become unfolded permanently or
substantially permanently to an increased diameter. Be-
cause of reinforcements within the folded sheath tube
510, or because of internal strength and malleability or
plastic deformation, the resultant distal section 504 is well
supported in the open position by the folded sheath tubing
510 for subsequent instrument passage.
[0045] Figure 5C illustrates a lateral cross-section of
the distal end 504 of of the sheath 500. In this embodi-
ment, the folded sheath tube 510 covering the distal sec-
tion 504 is fabricated with flutes 520 on the interior, or
exterior, surface. Interior flutes 520 are the preferred em-
bodiment in this case. The flutes 520 represent longitu-
dinally running increases in wall thickness, or high spots,
of the folded sheath tube 510 which are separated by
longitudinally running regions of decreased wall thick-
ness 522 or depressions. The flutes 520 are generally
integral to the folded sheath tube 510. The flutes 520 are
generally created by fabricating an extrusion die with
slots that permit the polymer to extrude with ridges ther-
eon. The flutes 520 may facilitate folding and minimize
damage to optical scopes, such as ureteroscopes, angi-
oscopes, endoscopes, and the like, when inserted there-
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through, due to debris scratching the lens when the scope
is advanced or retracted. When the folded sheath tube
510 is dilated, the region of decreased wall thickness 522
between the flutes 520 will preferentially unfold because
of the increased strength of the flutes 520.
[0046] Figure 6A illustrates a side cutaway view of an-
other embodiment of an expandable sheath 600 com-
prising a proximal sheath tube 602 and a distal sheath
tube 604. The proximal sheath tube 602 further compris-
es a proximal reinforcing layer 612, an inner layer and
an outer layer. The distal sheath tube 604 further com-
prises a longitudinal fold 606, a distal reinforcing layer
610, an outer layer 608, an inner layer 614, and a dila-
tation balloon 320. The sheath 600 also includes sheath
and catheter hubs 308, 316 that can be arranged as de-
scribed above.
[0047] Referring to Figure 6A, in one embodiment, the
proximal reinforcing layer 612 embedded within the prox-
imal sheath tube 602, which is a composite structure,
preferably formed from an inner and outer layer. The
proximal reinforcing layer 612 can be a coil, braid, or
other structure that provides hoop strength to the proxi-
mal sheath tube 602. The proximal reinforcing layer 612
can be fabricated from metals such as, but not limited to,
stainless steel, titanium, nitinol, cobalt nickel alloys, gold,
tantalum, platinum, platinum iridium, and the like. The
proximal reinforcing layer 612 can also be fabricated from
polymers such as, but not limited to, polyamide, polyes-
ter, and the like. Exemplary polymers include polyethyl-
ene naphthalate, polyethylene terephthalate, Kevlar, and
the like. The proximal reinforcing layer 612, if it comprises
metal, preferably uses metal that has been spring hard-
ened and has a spring temper.
[0048] Further referring to Figure 6A, the distal sheath
tube 604 is constructed from a composite construction
similar to that of the proximal sheath tube 602. The distal
reinforcing structure 610, however, is preferably not elas-
tomeric but is malleable. The distal reinforcing structure
610 is preferably a coil of flat wire embedded between
the inner layer 614 and the outer layer 608. The crease
or fold 606 runs longitudinally the length of the distal
sheath tube 604 and is the structure that permits the distal
sheath tube 604 to be compacted to a smaller diameter
than its fully expanded configuration. There may be one
fold 606, or a plurality of folds 606. The number of folds
606 can range between 1 and 20, and preferably between
1 and 8, with the sheath tubing 604 bendability and di-
ameter having an influence on the optimal number of
folds 606.
[0049] The construction of the distal sheath tube 604
can comprise a coil of wire with a wire diameter of 0.001
to 0.040 inches (0.025 to 1mm) in diameter and prefer-
ably between 0.002 and 0.010 inches (0.05 to 0.25mm)
in diameter. The coil can also use a flat wire that is 0.001
to 0.010 inches (0.025 to 0.25mm) in one dimension
and .004 to .040 inches (0.1 to 1mm) in the other dimen-
sion. Preferably, the flat wire is 0.001 to 0.005 inches
(0.025 to 0.13mm) in the small dimension, generally ori-

ented in the radial direction of the coil, and 0.005 to 0.020
inches (0.13 to 0.5mm) in width, oriented perpendicular
to the radial direction of the coil. The outer layer 608 has
a wall thickness of 0.001 to 0.020 inches (0.025 to
0.05mm) and the inner layer 614 has a wall thickness of
between 0.001 and 0.010 inches (0.025 and 0.25mm).
The wire used to fabricate the coil can be fabricated from
annealed materials such as, but not limited to, gold, stain-
less steel, titanium, tantalum, nickel-titanium alloy, cobalt
nickel alloy, and the like. The wire is preferably fully an-
nealed. 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 reinforce-
ment 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 614
and the outer layer 608. When the reinforcing layer 610
is folded to form a small diameter, the polymeric layers,
which can have some memory, do not generate signifi-
cant or substantial springback. The sheath wall is pref-
erably thin so that it any forces it imparts to the tubular
structure are exceeded by those forces exerted by the
malleable distal reinforcing layer. Thus, a peel away or
protective sleeve is useful but not necessary to maintain
the collapsed sheath configuration.
[0050] The inner layer 614 and the outer layer 608 pref-
erably comprise some elasticity or malleability to maxi-
mize flexibility by stretching between the coil segments.
Note that the pitch of the winding in the distal reinforcing
layer 614 does not have to be the same as that for the
winding in the proximal reinforcing layer 612 because
they have different functionality in the sheath 600.
[0051] Figure 6B illustrates a cutaway sectional view
of the sheath 600 of Figure 6A following expansion by
the balloon 320. The proximal sheath tube 602 has not
changed its diameter or configuration and the reinforcing
layer 612 is likewise unchanged in configuration. The dis-
tal tube 604 has become expanded diametrically and the
crease or fold 606 of Figure 6A is now substantially re-
moved. In the illustrated embodiment, due to stress hard-
ening of the reinforcing layer and residual stress in the
folded inner layer 614 and outer layer 608, some remnant
of the fold 606 may still exist in the distal tube 604. The
expansion of the sheath 600 in this configuration can be
accomplished using a balloon 320 with an internal pres-
sure ranging between 3 atmospheres and 25 atmos-
pheres. Not only does the balloon 320 impart forces to
expand the distal sheath tube 604 against the strength
of the reinforcing layer 610 but it also should preferably
overcome any inward radially directed forces created by
the surrounding tissue. In an exemplary configuration, a
sheath 600 using a flat wire coil reinforcing layer 610
fabricated from fully annealed stainless steel 304V and
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having dimensions of 0.0025 inches by 0.010 inches
(0.06 by 0.25mm) and having a coil pitch of 0.024 inches
(0.6mm) is able to fully expand, at a 37-degree Centi-
grade body temperature, to a diameter of 16 French with
between 4 and 7 atmospheres pressurization. The inner
layer 614 is polyethylene with a wall thickness of 0.003
to 0.005 inches (0.076 to 0.13mm) and the outer layer
608 is polyethylene with a wall thickness of 0.005 to 0.008
inches (0.13 to 0.2mm). The sheath is now able to form
a path of substantially uniform internal size all the way
from the proximal end to the distal end and to the exterior
environment of the sheath at both ends. Through this
path, instrumentation may be passed, material with-
drawn from a patient, or both. A sheath of this construc-
tion is capable of bending through an inside radius of
1.5cm or smaller without kinking or becoming substan-
tially oval in cross-section.
[0052] Figure 7A illustrates a side view of an expand-
able sheath 700, not being an embodiment of the claimed
invention, comprising a proximal end 702 and a distal
end 704. The sheath 700 further comprises an outer cov-
ering 706, a dilator shaft 708, a support frame 710, a
dilatation balloon 712, a sheath hub 714, a dilator hub
716, a guidewire port 720, and a balloon inflation port
722. The distal end 704 has a reduced diameter relative
to that of the proximal end 702.
[0053] Referring to Figure 7A, the support frame 710
in the illustrated embodiment comprises a scaffold struc-
ture similar to a stent such as that used for treating sten-
oses in the coronary arteries. The support frame 710 is
embedded within, or resides interior to and against, the
inner diameter of the outer covering 706. The support
frame may be fabricated from stainless steel, titanium,
martensitic nitinol, gold, platinum, tantalum, or other ma-
terials commonly used to fabricate cardiovascular stents.
The support frame may be fabricated from wire, it may
be laser cut from a tube or sheet of metal, or it may be
photo-etched, mechanically machined, or machined us-
ing electron discharge methodology. The support frame,
in an embodiment, is malleable and remains in the state
to which it is dilated by the dilatation balloon 712. The
support frame is preferably radiopaque under the circum-
stances in which it is used in vivo and may be fabricated
from, alloyed with, or coated with materials such as gold,
platinum, platinum iridium, or tantalum. The support
frame wall thickness can range from 0.002 to 0.025 inch-
es (0.05mm to 0.6mm) and preferably be between 0.003
and 0.012 inches (0.07 and 0.3mm). The support frame
preferably comprises structures that permit flexibility.
Such flexibility enhancing structures include disconnect-
ed "Z" or diamond-shaped ring segments, ring segments
connected by a backbone or alternating backbone of
wire, continuous undulating spirals, and the like. The out-
er covering is either unfurling, malleably expansible, or
elastomeric. An exemplary expansible outer covering
706 comprises a low-density polyethylene disposed so
that it embeds the stent. Another expansible outer cov-
ering 706 comprises a polyurethane, silastic or thermo-

plastic elastomer sleeve disposed around and frictionally
covering the support frame 710. The outer covering 706
may further comprise an inner layer that is relatively low
in sliding friction such as, but not limited to, high density
polyethylene, FEP, PTFE, or the like. A furled outer cov-
ering 706 may be fabricated from stretch blow-molded
PET. The outer covering 706 may be coated on its inte-
rior, exterior, or both, by silicone slip agents, hydrophilic
hydrogels, or the like to minimize friction in passing the
catheter through the body lumen as well as passage of
instruments therein.
[0054] Figure 7B illustrates the sheath 700 of Figure
7A wherein the support frame 710 has become expanded
by the dilatation balloon 712 having been pressurized by
fluid injected into the inflation port 722 on the dilator hub
716 and transmitted to the balloon 712 through the dilator
shaft 708. The support frame 710, at the distal end 704,
has malleably expanded and holds the outer covering
706 in its radially-expanded configuration.
[0055] Referring to Figure 7B, the support frame 710
is affixed to the distal end of the proximal portion 702 of
the sheath 700. The support frame 710 may be fully ex-
panded at this proximal end even prior to expansion, as
in Figure 7A, and then neck down in the distal portion
704. Once expanded, the support frame 710 and the out-
er covering 706 have a generally continuous diameter
and through lumen passing all the way from the proximal
most portion of the sheath 700 to the distal end thereof.
The outer covering 706 in the distal portion 704 will have
stretched or unfurled to take on its larger diameter con-
figuration. The recovery strength of the outer covering
706 is preferably such that it does not impart restorative
forces greater than the resistive forces generated by the
malleably expanded support frame 710. The distal region
704 remains dilated once the dilatation balloon 712, the
dilator shaft 708, the dilator hub 716, and the inflation
port 722 have all been removed from the sheath 700.
Thus, a large central lumen is generated within the sheath
700.
[0056] Figure 8A illustrates a side view of another em-
bodiment of an expandable sheath 800 comprising a
proximal region 802 and a distal region 808. In this em-
bodiment, the proximal region 802 further comprises a
braided reinforcement 804, a proximal sheath covering
806, and a proximal inner layer 832. The distal region
808 of this embodiment further comprises a distal sheath
covering 810 and a distal reinforcement 812, and a distal
inner layer 830. The distal region 808 has a reduced di-
ameter relative to that of the proximal region 802 because
the distal sheath covering 810 has been folded or furled
to form one or more longitudinal creases or pleats 820.
A transition region 822 connects the proximal sheath cov-
ering 806 and the distal sheath covering 810. Also shown
is the dilator hub 316 and the guidewire access port 332.
[0057] Referring to Figure 8A, the distal sheath region
808, which comprises the distal sheath covering 810, be-
gins approximately at the transition region 822. The distal
sheath covering 810 is thin-walled material that is folded
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into a plurality of pleats 820. The distal sheath covering
810 can be fused to a distal inner liner 830 and further
cover or encompass a reinforcing layer 812. The distal
sheath covering 810 is fabricated from materials such
as, but not limited to, PET, polyethylene, polypropylene,
Hytrel, Pebax, polyimide, polyamide, HDPE, and the like.
The wall thickness of the distal sheath covering 810 rang-
es from 0.001 to 0.020 inches (0.025 to 0.5mm). The
distal sheath covering 810 may be heat set, or cross-
linked by irradiation (e.g. gamma radiation or electron
beam radiation), to sustain the pleats, creases, or folds
820. The distal sheath covering 810 is affixed to the distal
end of the proximal sheath covering 806 by welding or
adhesive bonding. The proximal sheath covering 806
may be a unitary polymer tube fabricated from materials
such as, but not limited to, Hytrel, Pebax, polyethylene,
polyurethane, FEP, PTFE, or the like. The proximal
sheath covering 806 may further be a composite rein-
forced structure with an internal coil or braid reinforce-
ment 804 surrounded by polymers. The polymer on the
proximal inner layer 832 may preferentially be a different
polymer than that disposed on the exterior of the proximal
sheath covering 806. Gamma radiation, electron beam
radiation, proton irradiation, neutron irradiation, plasma
discharge or the like may be used to modify the charac-
teristics of the polymers used on the sheath, such as
increasing their tensile strength, adhesiveness between
layers, etc. The transition region 822 is designed to re-
duce or minimize stress risers that would occur if the
proximal region 802 were butt-joined to the distal region
808. To optimize the transition 822, the proximal region
802 and the distal region 808 are feathered or serrated
and the serrations interdigitated to generate a smooth
segue between the mechanical properties of the proximal
region 802 and the distal region 808. The serrations are
preferably triangular in shape and between 0.10 and 5.00
centimeters long. The number of serrations can range
between 1 and 20.
[0058] Figure 8B illustrates an enlarged view of the dis-
tal tip of the distal region 808 of the sheath 800. The distal
region 808 further comprises the distal sheath covering
810, the distal reinforcing layer 812, and the distal inner
layer 830. The distal reinforcing layer 812, in this case a
coil of malleable metal, further comprises a hoop end
structure 834 and a weld 836. The distal region 808 fur-
ther comprises an expandable radiopaque marker 838.
The hoop end structure 834 is created by bring the final
turn of the coil comprising the distal reinforcing layer 812
around and joining it to the prior coil using the weld 836.
The weld 836 can also be an adhesive bond, crimp joint,
or the like. The weld 836 is advantageously shaved or
configured so as not to create a substantial bump, which
could poke or project through the distal inner layer 830
or the distal sheath covering 810. The expandable radi-
opaque marker 838 can be comprised of malleable wire
such as gold, tantalum, platinum, or the like. A plurality
of turns of the wire, generally numbering between 1 and
20 turns, are sufficient to comprise a visible radiopaque

marker 838. The radiopaque wire can be either flattened
or round wire with a major dimension of between 0.001
inches and 0.020 inches (0.025 and 0.5mm). The wire is
preferably foldable so that it can be creased longitudinally
and collapsed diametrically along with the rest of the dis-
tal region 808. The multiple turn wire radiopaque marker
838 is advantageous, relative to other marker types be-
cause it embeds well in the polymer of the distal sheath
covering 810 and offers less resistance to unfolding and
expansion than would a band or solid ring.
[0059] Figure 9A illustrates an embodiment of a col-
lapsed, radially expandable sheath 900 comprising a
large step transition 902 between the folded balloon 320
and the distal sheath covering 810. The sheath 900 fur-
ther comprises a dilator shaft 318, to which the folded
balloon 320 is affixed. Because of various folding config-
urations for the distal sheath covering 810, such step
transitions 902 can occur. The step transitions 902, how-
ever, may catch on tissue as the sheath 900 is being
advanced transluminally, thus impeding progress and
potentially causing injury or trauma to the lumen wall. For
example, referring to Figures 1 and 9A, during ureteral
access procedures, the step transition 902 can catch on
the tissues at the entrance 114 to the ureter 106 where
the ureter 106 meets the bladder 104. Thus, in some
embodiments, it is advantageous that a fairing be pro-
vided to minimize or eliminate the step transition 902.
The sheath 900 further comprises a transition zone 910
between the distal sheath covering 810 and the proximal
sheath covering 916, comprising distal chevrons 914 and
proximal chevrons 912. The number of chevrons can vary
between 2 and 30 with a preferred range of 4 to 16. The
chevrons 912 and 914 can be welded, bonded, or fused
and the tapered nature of the chevrons 912 and 914 en-
hances a smooth transition between the distal sheath
covering 810 and the proximal sheath covering 916. In
an embodiment, the distal sheath covering 810 and the
proximal sheath covering 916 are fabricated from extrud-
ed polyolefin such as polyethylene. Reinforcements with-
in the sheath coverings 810 and 916 can include coils,
sleeves, tape, windings, braids, etc. and these are also
transitioned within the chevrons 912 and 914 of the tran-
sition zone 910 or they are terminated outside the tran-
sition zone 910 so that no reinforcement exists within the
transition zone 916. The chevrons 912 and 914 become
distorted when the distal sheath covering 810 is folded
or compressed longitudinally to its small diameter con-
figuration. The dilator balloon (not shown) preferably ex-
tends proximally of the most proximal point of the transi-
tion zone 910.
[0060] Figure 9B illustrates a radially expandable
sheath 900 comprising a fairing sleeve or distal shroud
904. In an embodiment, the distal shroud 904 is perma-
nently affixed to the exterior of the dilator shaft 318 or
the balloon 320 bond area. The distal shroud 904 may
be rigid or it may be flexible or elastomeric. The distal
shroud 904 covers the distal sheath covering 810 and
holds the distal end of said covering 810 compressed
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against the dilator shaft 318 and the folded dilatation bal-
loon 320. In another embodiment, the distal shroud 904
extends substantially to, but does not cover, the distal
sheath covering 810 and serves as a nosecone for the
distal sheath covering 810. In this embodiment, it is pref-
erable that the gap between the proximal end of the distal
shroud 904 and the distal end of the distal sheath cov-
ering 810 be minimized to prevent tissue from protruding
therein. The distal shroud 904 may be fabricated from C-
Flex, polyurethane, silicone elastomer, polyolefin, Hytrel,
polyvinyl chloride, and the like. The distal shroud 904 can
also be fabricated from bio-resorbable or water dissolv-
able materials such as, but not limited to polylactic acid,
polyglycolic acid, sugars, carbohydrates, or the like. Re-
sorbable materials would be useful if the shroud 904 were
to inadvertently come free from the dilator shaft 318 or
balloon 320 and was left behind in the patient. The distal
shroud 904 can further comprise radiopaque fillers such
as, but not limited to, barium or bismuth salts, or tantalum
powder. The distal shroud 904 can also comprise a ra-
diopaque marker fabricated separately from platinum,
gold, tantalum, iridium, or the like. The separate radio-
paque marker can be insert molded, as in the case of a
ring or band, or wound as in the case of wire, etc. The
distal shroud 904 may be injection molded, liquid injection
molded, thermally formed, or cut from an extrusion or
dip-coated structure. The distal shroud 904 is preferably
conical or tapered so that its diameter increases moving
from the distal to the proximal direction. The distal shroud
904 may further be asymmetric or non-round in lateral
cross-section to mate to the step transition 902, which
may be larger in one circumferential location, than in an-
other location. The distal shroud 904 generally has an
undercut at its proximal end to allow the shroud to extend
over the sheath covering 810, although it could also just
butt up against the distal end of the sheath covering 810,
without overlap. The distal shroud 904 is firmly bonded
to the dilator shaft 318 or the balloon 320 so that it does
not inadvertently come free from the sheath 900, a situ-
ation that could result in clinical complications. The bond-
ing of the distal shroud 904 to the balloon 320 or the
dilator shaft 318 may comprise heat welding, ultrasonic
welding, adhesives, mechanical interlock, or a combina-
tion thereof. In an embodiment, the distal shroud 904 will
deform and expand outward with the balloon 320, thus
pulling away from the distal end of the distal sheath cov-
ering 810. When the distal sheath covering 810 has been
expanded and the balloon 320 subsequently deflated,
the distal shroud 904 will re-compress radially with the
balloon 320 so that it can be withdrawn proximally
through the internal lumen of the distal sheath covering
810.
[0061] The distal shroud 904 may further comprise an
inner spacer (not shown) to prevent inadvertent with-
drawal of the obturator or dilator, and shroud 904. A
mechanism can be provided to allow the shroud to be
advanced distally to release the sheath covering 810 so
that it can expand. The inner spacer can further comprise,

on its proximal end, a taper to facilitate proximal with-
drawal into the sheath cover 810. The distal shroud 904
can be made thin and flexible so that it everts when the
dilator is withdrawn proximally relative to the sheath cov-
ering 810. The inner spacer may further comprise an un-
dercut or relief on its distal end, which allows the shroud
to maintain a low profile, following eversion, prior to or
during proximal withdrawal.
[0062] Figure 9C illustrates the sheath 900 of Figure
9B, following expansion, comprising a distal sheath cov-
ering 810, a proximal sheath covering 916, an expanded
dilatation balloon 320, a dilator shaft 318, and a distal
shroud 904. The sheath 900 further comprises the tran-
sition zone 910, the proximal chevron 912, and the distal
chevron 914. The proximal part of the distal shroud 904
has been shown in breakaway fashion to reveal the bal-
loon 320. The proximal end of the distal shroud 904 has
expanded elastomerically with the balloon 320 and, in so
doing, has retracted distally from covering or overlapping
the distal end of the distal sheath covering 810. Attach-
ment of the distal end of the distal shroud 904 to the
balloon 320 or the dilator shaft 318 prevents motion of
the distal end of the distal shroud 904 in the proximal
direction. Following the next step, which is deflation of
the balloon 320, the elastomeric distal shroud 904 will
reduce in diameter and be able to be withdrawn through
the central lumen of the distal sheath tube whose outer
layer is the covering 810. The transition zone 910 has
expanded and become substantially of constant diame-
ter since the distal sheath covering 810 has been radially
expanded. The proximal chevrons 914 and the distal
chevrons 912, which are interdigitated and affixed by fus-
ing, gluing, bonding, welding, sleeving, or clamping to-
gether, are generally undistorted and form a substantially
even zig-zag pattern with a substantially smooth gradual
transition in properties when going from the proximal
sheath tubing 916 to the distal sheath covering 810. The
transition zone 910 thus comprises a plurality of tapered,
interdigitated chevrons 912 and 914 of the proximal re-
gion and the distal region, said regions being at least
partially affixed together along the edges of the chevrons
912 and 914.
[0063] In another embodiment, the distal end of the
distal sheath covering 810 comprises extra material (not
shown) that extends distally toward the exposed dilator
shaft 318. This extra material can be symmetrically dis-
posed around the circumference of the distal sheath cov-
ering 810 or it can be asymmetrically distributed so as to
form a canopy that extends only over half of the sheath
distal end. Following folding, the canopy can be further
heat set or formed to form a fairing to minimize or elimi-
nate the step transition 902. While the coil or braid rein-
forcement can also support the transition canopy, it is
preferable that any internal reinforcement not extend into
the canopy or distal sheath covering extension. In an
embodiment where the reinforcing layer is a braided
structure, a pick count ranging between 10 and 30 picks
per inch (between 4 and 12 picks per cm) and between
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8 and 42 carriers of strand is appropriate for this appli-
cation.
[0064] Referring to Figures 3A, 8A, and 9A, in an em-
bodiment, the dilator shaft 318 can comprise a central
through lumen 334, generally 0.010 to 0.060 inches in
diameter that is operably connected to the guidewire port
332 on the dilator hub 316. The dilator shaft 318 is affixed
to the dilator hub 316 by insert molding, welding, adhe-
sive bonding, or the like. The dilator hub 316 can be ad-
vanced forward causing the dilator shaft 318 to advance
relative to the distal sheath covering 810. The shroud
904 pulls forward therewith and no longer surrounds the
exterior of the distal sheath covering 810. The sheath
covering 810 is now free to expand by unfurling the pleats
or folds 820 and serve as potential space for instrumen-
tation once the obturator shaft 318 and its associated
components are withdrawn from the sheath 900. In an-
other embodiment, the shroud 904 is evertable and the
dilator hub 316 is withdrawn proximally to simply pull the
shroud 904 off the sheath covering 810 and out through
the central lumen of the sheath 900. The shroud 904, in
this embodiment, may be fabricated from metals such as
stainless steel or from polymers such as C-Flex, poly-
propylene, polyethylene, polyurethane, silicone elas-
tomer, and the like.
[0065] Figure 10A illustrates a lateral cross-section of
an embodiment of the distal tubing 1008, which can be
used in combination with the sheath embodiments de-
scribed above. The distal tubing, in this embodiment, is
extruded or formed with thin areas 1032 and normal wall
1030. The illustrated embodiment shows two thin areas
1032 prior to folding. The spacing and magnitude of the
thick and thin areas do not necessarily have to be uni-
formly placed or equally sized. The thin areas can be
used to enhance the ability to form tight folds for diameter
reduction.
[0066] Figure 10B illustrates the distal tubing 1008 of
Figure 10B after it has been folded longitudinally. Other
folds, including Napster™ -type styles, star shapes, clo-
ver-leafs, folded "W"s, and the like, are also possible.
Such profiling can be performed on tubing fabricated from
materials such as, but not limited to, polyethylene, PTFE,
polyurethane, polyimide, polyamide, polypropylene,
FEP, Pebax, Hytrel, and the like, at the time of extrusion.
The distal tubing 1008 would then be used, as-is, or it
would be built up onto a mandrel with other layers as part
of a composite tube. The composite tube can include coil,
braid, or stent reinforcement. The thin areas 1032 facil-
itate tight folding of the layer 1008 and minimize the build-
up of stresses and strains in the material that might pre-
vent it from fully recovering to a round shape following
unfolding.
[0067] Figure 10C illustrates a lateral cross section of
the distal end of the sheath 600 of Figure 6A. In the illus-
trated embodiment, the balloon 320 has been folded to
form four longitudinal creases, furls, or pleats 1020. The
dilator shaft 318 remains in place in the center of the
balloon 320 and is fluidically sealed to the balloon 320

at the distal end of said balloon 320. The compressed
sheath covering 1008 surrounds the folded balloon 320.
When the balloon 320 is expanded under pressure from
an external pressure source, the balloon expands the
sheath covering 1008 to a larger diameter. The sheath
covering 1008 maintains that configuration held in place
by the malleable sheath reinforcement or by the mallea-
ble nature of the unitary sheath covering 1008, should a
separate reinforcement not be used.
[0068] Figure 10D illustrates a lateral cross-section of
an embodiment of a sheath tube comprising an inner
layer 1052, a reinforcing layer 1056, an elastomeric layer
1054, and an outer layer 1050. The elastomeric layer
1054 can be disposed outside the reinforcing layer 1056,
inside the reinforcing layer 1056, or both inside and out-
side the reinforcing layer 1056. The elastomeric layer
1054 is fabricated from silicone elastomer, thermoplastic
elastomer such as C-Flex™, a trademark of Concept Pol-
ymers, polyurethane, or the like. The hardness of the
elastomeric layer 1054 can range from Shore 10A to
Shore 90A with a preferred range of Shore 50A to Shore
70A. The inner layer 1052 and the outer layer 1050 are
fabricated from lubricious materials such as, but not lim-
ited to, polyethylene, polypropylene, polytetrafluoroeth-
ylene, FEP, materials as described in Figure 8A, or the
like. The inner layer 1052 and the outer layer 1050 can
have a thickness ranging from 0.0005 inches to 0.015
inches (from 0.013 to 0.38mm) with a preferred range of
0.001 to 0.010 inches (0.025 to 0.25mm). The elastomer-
ic layer 1054 can range in thickness from 0.001 inches
to 0.015 inches (0.025 to 0.38mm) with a preferred range
of 0.002 to 0.010 inches (0.05 to 0.25mm). The reinforc-
ing layer 1056 is as described Figure 6A. This construc-
tion is beneficial for both the proximal non-expandable
region and the distal expandable region of the sheath. In
an embodiment, the C-Flex thermoplastic elastomer is
used for the elastomeric layer 1054 because it fuses well
to the polyethylene exterior layer 1050. This embodiment
provides for improved kink resistance, improved benda-
bility, and reduced roughness or bumpiness on the sur-
face of the sheath where the elastomeric layer 1054
shields the reinforcing layer 1056. This embodiment pro-
vides for a very smooth surface, which is beneficial on
both the interior and exterior surfaces of the sheath.
[0069] Figure 10E illustrates a lateral cross-sectional
view of an embodiment of an expandable sheath distal
section 1040. The sheath distal section 1040 comprises
a dilator tube 318, a dilator balloon, 320, and an outer
sheath covering 1042, further comprising a first fold 1044
and a second fold 1046. For sheaths with a wall 1042
thickness of about 0.008 to 0.020 inches (0.2 to 0.5mm),
it is useful to fold the sheath covering 1042 into two folds
1044 and 1046 if the inside diameter of the expanded
sheath ranges greater than 12 French. If the inside di-
ameter of the expanded sheath covering 1042 is less
than about 12 French, and sometimes when the sheath
covering 1042 is substantially equal to 12 French, it is
preferred to have only a single fold, either 1044 or 1046.
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If the diameter of the sheath covering 1042 is greater
than 18 French, or the wall thickness of the sheath cov-
ering 1042 is less than the range of about 0.008 to 0.020
inches (0.2 to 0.5mm), or both, additional folds can be
added.
[0070] Figure 11A illustrates a side view of an expand-
able sheath 1100, not being an embodiment of the
claimed invention, comprising a proximal end 1102 and
a distal end 1104. The sheath 1100 further comprises an
outer covering 1106, a dilator shaft 1108, a split-ring sup-
port frame 1110, a dilatation balloon 1112, a sheath hub
1114, a dilator hub 1116, a guidewire port 1120, and a
balloon inflation port 1122. The distal end 1104 has a
reduced diameter relative to that of the proximal end
1102.
[0071] Referring to Figure 11A, the split-ring support
frame 1110 is a malleable structure that can be dilated
by forces exerted by the inflated balloon 1112. The dila-
tion is the same as that generated by the sheath 700 of
Figure 7A and 7B. The split-ring support frame can be
fabricated from wire or from flat sheets of metal, from
wires, or from tubes of metal. The preferred metal is se-
lected from materials such as, but not limited to, cobalt
nickel alloys, titanium, tantalum, annealed stainless
steels such as 316L, 304, and the like. The split ring sup-
port frame 1110 is disposed inside the inner diameter of
the distal sheath tubing 1106. The split ring support frame
1110 has the advantage of being inexpensive to fabricate
relative to other stent-like support designs. The split ring
support frame 1110 can be configured as a series of ribs
and a backbone, or as a series of staggered backbones
to facilitate flexibility along more than one axis. Alterna-
tively, in another embodiment, the split ring support frame
1110 can be self-expanding. The preferred configuration
for the distal sleeve 1106 is a thin wall polymer that is
furled into longitudinal flutes. The split ring can comprise
rings whose ends overlap circumferentially when the
sheath is collapsed diametrically, as well as being ex-
panded diametrically. Furthermore, the split ring config-
uration can comprise rings that do not overlap in the col-
lapsed configuration, the expanded configuration, or
both.
[0072] Figure 11B illustrates the sheath 1100 of Figure
11A wherein the support frame 1110 has become ex-
panded by the dilatation balloon 1112 having been pres-
surized by fluid injected into the inflation port 1122 on the
dilator hub 1116 and transmitted to the balloon 1112
through the annulus between the outer and inner tubes
comprising the dilator shaft 1108. The split-ring support
frame 1110, at the distal end 1104, has malleably ex-
panded and holds the outer covering 1106 in its radially
expanded configuration. The through lumen of the distal
end 1104 is substantially similar to that of the proximal
end 1102.
[0073] Figure 12 illustrates another embodiment of the
catheter 600, wherein the step transition 902 of Figure
9A can be minimized by the inclusion of a gel, foam, or
liquid-filled sac 1202 within balloon 320 just proximal to

the distal balloon bond 1204, which is the region where
the balloon 320 is bonded to the dilator shaft 318. When
the distal sheath covering 608 and the balloon 320 are
folded and collapsed, the material within the sac 1202
will remain puffed out and create a fairing within the bal-
loon that smoothes the transition 902. A key advantage
of such an internal fairing is that it cannot become dis-
lodged from the sheath 600. The sac 1202 can be free-
form, it can be circular in cross-section, or it can be non-
circular and oriented to conform to circumferential irreg-
ularities in the transition 902. In another embodiment, the
sac 1202 is filled with a resilient polymer following as-
sembly of the collapsed sheath to the folded dilator so
that a custom fairing 1202 is created. In yet another em-
bodiment, there is no sac, but an internal fairing 1202 is
created using a foam, or a low durometer polymer. This
internal fairing 1202 is located on the distal dilator shaft
318 inside the balloon 320. This embodiment can further
comprise a coating of lubricious material such as silicone
elastomer, hydrogel, or the like, on the inside of the
sheath tubing 608 or the outside of the balloon 320 to aid
in sliding the balloon with internal fairing proximally out
of the sheath tubing 608.
[0074] Referring to Figure 12, in another embodiment,
once the sheath tubing 608 is collapsed around the bal-
loon 320, the balloon 320 is filled at its distal end by way
of a special filling tube (not shown) that is either integral
to, or separate from, the dilator shaft 318. The distal end
of the balloon 320, in this embodiment, is shaped using
an external mold (not shown) during filling. The materials
used to fill the balloon 320 distal end include, but are not
limited to, hardenable liquid polymers, gel, and foam that
is injected in a liquid state and then hardens or sets up.
The filling tube is removed or closed off and the resin is
allowed to set-up, or harden, in the shape of the external
mold. The filled distal end of the balloon 320 forms a
tapered fairing 1202 that minimizes or eliminates any
transitions between the sheath and the balloon. In an-
other embodiment, an external mold is not used but the
filling is performed under visual inspection and correction
to generate the correct shape.
[0075] In another embodiment, the dilator shaft 318 is
formed with a tailored bump 1202 that is positioned just
proximal to the distal balloon 320 to dilator shaft 318
bond. The bump 1202 is configured to form a taper and
fairing under the distal shoulder of the balloon 320 that
ramps up to meet the sheath tubing 608 and minimize or
eliminate any transition shoulder. Since a coaxial annulus
is used to fill the balloon 320, the proximal balloon bond
(not shown) is larger in diameter than the distal balloon
bond 1204 and the proximal balloon bond can be slid
over the bump allowing the bump to reside within the
balloon 320. The bump 1202 is created by a thermofor-
ming process either free form, or preferably using a mold,
internal pressure, and the like. The dilator shaft 318, un-
der the bump 1202 in this embodiment, may be thinned
or formed into a bulb to create the bump 1202.
[0076] Figure 13A illustrates an embodiment of the
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proximal end of a radially expandable sheath 1300 for
endovascular use further comprising a valve 1302 oper-
ably connected to the sheath hub 1304 and a hemostatic
valve 1306 operably connected to the dilator hub 1308.
In this embodiment, the valve 1302 is a duckbill valve,
one-way valve, or other sealing-type valve capable of
opening to a large bore and yet closing around instru-
mentation such as the dilator shaft 1320. The valve 1302
seals against fluid loss from the internal lumen of the
sheath 1300 while the dilator hub 1308 is connected to
the sheath hub 1304 and after the dilator shaft 1320 has
been removed from the sheath 1300. The valve 1302
can be integral to the sheath hub 1304, it can be welded
or adhered to the sheath hub 1304, or it can be affixed
by a Luer fitting or other quick connect fitting. The hemo-
static valve 1306 is a Tuohy-Borst valve or other valve
capable of sealing against a guidewire or small instru-
ment and remain sealed after removal of said guidewire
or small instrument. The hemostatic valve 1306 may fur-
ther comprise a tightening mechanism (not shown) to
enhance sealing against guidewires or against an open
lumen. The hemostatic valve 1306 can be integral to the
dilator hub 1308, it can be welded or adhered to the dilator
hub 1308, or it can be affixed by a Luer fitting or other
quick connect fitting. The valves 1306 and 1302 are gen-
erally fabricated from polymeric materials and have soft
resilient seal elements disposed therein. The hemostatic
valve 1306 is intended to minimize or prevent blood loss
from vessels at systemic arterial pressure for extended
periods of time. The valve 1302 is intended to minimize
or eliminate blood loss when instrumentation of various
diameters is inserted therethrough.
[0077] Figure 13B illustrates an embodiment of the
proximal end of a radially expandable sheath 1310 for
laparoscopic use, further comprising a valve 1312 oper-
ably connected to the sheath hub 1314. The valve 1312
is intended primarily to prevent or minimize the loss of
fluids (liquids or gasses) from an abdominal or thoracic
cavity. The valve 1312 is generally fabricated from poly-
meric materials and has soft resilient seal elements dis-
posed therein. The valve 1312 can be integral to the
sheath hub 1314, it can be welded or adhered to the
sheath hub 1314, or it can be affixed by a Luer fitting or
other quick connect fitting. The dilator hub 1308 is also
shown.
[0078] Figure 14 illustrates a longitudinal cross-sec-
tional view of the proximal end of an embodiment of an
expandable sheath system 1400. The expandable
sheath system 1400 comprises a sheath hub 1402, a
dilator hub 1404, a sheath tube 1424 and a dilator tube
1426. The sheath hub 1402 further comprises a proximal
port 1406, a distal end 1408, a distal face 1410, and a
proximal perimeter 1412. The dilator hub 1404 further
comprises an engagement detent 1414, a distal taper
1416, a grip handle 1422, an inflation port 1418, and a
guidewire port 1420. The sheath hub 1402 can optionally
comprise one or more fins 1428 which can further com-
prise one or more attachment holes or slots 1430.

[0079] Referring to Figure 14, the distal face 1410 is
oriented substantially perpendicularly to the axis of the
sheath tube 1424, but it could also be at an angle. The
distal face 1410 can have a small round or fillet structure
to eliminate any sharp corners where it interfaces to the
more cylindrical regions of the sheath hub 1402. The
proximal perimeter 1412, in this embodiment, is config-
ured to mate with the engagement detent 1414 in the
dilator hub 1404, which has a slight undercut and a ta-
pered lead in. The proximal perimeter 1412 can be a
continuous band surrounding up to 360 degrees of the
circumference of the sheath hub 1402. The proximal pe-
rimeter 1412 is preferably rounded or chamfered to ease
connection and disconnection with the dilator hub 1404
and its engagement detent 1414. The sheath hub 1402
and the dilator hub 1404 can be fabricated from polymers
such as, but not limited to ABS, polysulfone, PVC, poly-
olefin including polyethylene or polypropylene, polya-
mide, polycarbonate, and the like. In a preferred embod-
iment, the sheath hub 1402 and the dilator hub 1404 are
fabricated from different polymers to minimize the risk of
blocking.
[0080] Referring to Figure 14, the distal end 1408 of
the sheath hub 1402 is tapered to an increasingly small
diameter moving distally so that the distal end 1408, as
well as the proximal end of the sheath tube 1424, can
slip substantially within a body vessel or lumen, for ex-
ample a urethra. The proximal port 1406 of the sheath
hub 1402 can be straight, it can be tapered, or it can have
a straight taper to facilitate sealing with the dilator distal
taper 1416. The taper angle can be between 1 degree
and 20 degrees on each side. The dilator hub knob 1422
is integral to the dilator hub 1404 and provides an en-
largement that can be gripped by the user to facilitate
separation of the dilator hub 1404 from the sheath hub
1402. The dilator hub knob 1422 also can be used be-
tween the thumb and a finger or between two fingers to
advance the entire assembly or remove the assembly
from the patient.
[0081] The present invention may be embodied in oth-
er specific forms without departing from its essential char-
acteristics. For example, the sheath may include instru-
ments affixed integrally to the interior central lumen of
the mesh, rather than being separately inserted, for per-
forming therapeutic or diagnostic functions. The hub may
comprise tie downs or configuration changes to permit
attaching the hub to the skin of the patient. The embod-
iments described herein further are suitable for fabricat-
ing very small diameter catheters, microcatheters, or
sheaths suitable for cardiovascular or neurovascular ac-
cess. These devices may have collapsed diameters less
than 3 French (1 mm) and expanded diameters of 4 to 8
French. Larger devices with collapsed diameters of 16
French and expanded diameters of 60 French or larger
are also possible. Such large devices may have ortho-
pedic or spinal access applications, for example. The de-
scribed embodiments are to be considered in all respects
only as illustrative and not restrictive.
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[0082] It is contemplated that various combinations or
subcombinations of the specific features and aspects of
the embodiments may be made and still fall within the
scope of the invention as defined by the appended
claims. Accordingly, it should be understood that various
features and aspects of the disclosed embodiments can
be combine with or substituted for one another in order
to form varying modes of the disclosed invention as de-
fined by the appended claims. Thus, it is intended that
the scope of the present invention herein disclosed
should not be limited by the particular disclosed embod-
iments described above, but should be determined only
by a fair reading of the claims that follow.

Claims

1. An expandable transluminal access sheath adapted
for providing minimally invasive access to body lu-
mens or cavities, comprising:

an elongate sheath tube (300) comprising:

a distal region (304), which is expandable
from a first cross-sectional profile to a sec-
ond, greater cross-sectional profile in re-
sponse to pressure applied therein;
a proximal region (302);
a transition zone (822) comprising chevrons
or serrations between said proximal region
and said distal region, wherein the transition
zone provides a smooth transition between
said proximal region and said distal region
when said distal region is in said first cross-
sectional profile; and
a through lumen extending through the dis-
tal region, the proximal region, and the tran-
sition zone, wherein said lumen forms a
path of substantially uniform internal size
when said distal region (304) has been ex-
panded to said second, greater cross-sec-
tional profile;

a sheath hub (308) affixed to the proximal end
of the proximal region of said elongate sheath
tube, said hub adapted to form an internal lumen
to facilitate the passage of instrumentation; and
a balloon dilator (320) within said elongate
sheath tube and a guidewire lumen (334) within
the balloon dilator, the balloon dilator capable
of radially expanding said distal region of said
elongate sheath tube from said first cross-sec-
tional profile to said second, greater cross-sec-
tional profile;
characterized by said distal region comprising
a composite structure, said composite structure
being folded in one or more longitudinal creases
(328) when said distal region is in said first cross-

sectional profile, said composite structure com-
prising an inner surface (1052), an outer surface
(1050), and a malleable reinforcement (1056)
embedded between the inner surface and the
outer surface of the distal sheath tubing, the mal-
leable reinforcement maintaining the distal
sheath tubing in its folded first cross-sectional
profile by exerting a force that exceeds any forc-
es imparted by the distal sheath tubing,
and a dilator hub (316) affixed to the proximal
end of said dilator, the dilator hub releasably af-
fixed to said sheath hub.

2. The transluminal sheath of Claim 1 wherein the outer
surface (1050) and the inner surface (1052) com-
prise a polymer.

3. The transluminal sheath of Claim 2 wherein the inner
surface (1052) and the outer surface (1050) are fab-
ricated from different polymers.

4. The transluminal sheath of any one of Claims 1 to 3
wherein the sheath bends predominantly by plastic
deformation.

5. The transluminal sheath of Claim 4 wherein said
plastic deformation is enhanced by environmental
temperatures substantially near those of body tem-
perature.

6. The transluminal sheath of any preceding Claim
wherein the malleable reinforcement (1056) is a
braided structure (804).

7. The transluminal sheath of any preceding Claim
wherein the elongate sheath tube (300) is substan-
tially deformable in cross-section in response to ir-
regularly shaped objects being advanced or with-
drawn therethrough.

8. The transluminal sheath of any one of Claims 1 to 5
wherein the malleable reinforcement (1056) is a wire
coil (612).

9. The transluminal sheath of any preceding Claim fur-
ther comprising-one or more radiopaque markers.

10. The transluminal sheath of Claim 9 wherein at least
one of the one or more radiopaque markers is sub-
stantially near the distal end of said distal region
(304) of the elongate sheath tube (300).

11. The transluminal sheath of any preceding Claim
wherein the balloon dilator (320) comprises one or
more radiopaque markers.

12. The transluminal sheath of Claim 8 wherein the wire
coil (612) comprises coils spaced at a distance sub-
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stantially equal to or less than the width of the coils.

13. The transluminal sheath of any one of Claims 1 to 5
wherein the malleable reinforcement (1056) com-
prises metallic flat wire.

14. The transluminal sheath of Claim 13 wherein the flat
wire comprises a polymer.

15. The transluminal sheath of any preceding Claim
wherein the malleable reinforcement (1056) is radi-
opaque.

16. The transluminal sheath of any preceding Claim
wherein the balloon dilator comprises a balloon
(320), an inner shaft (318), an outer shaft (324), and
an annulus between the inner shaft and the outer
shaft, the annulus having openings into the interior
of the balloon.

17. The transluminal sheath of any preceding Claim
wherein the balloon dilator (320) has a filled distal
end which extends distally beyond the distal region
of the elongate sheath tube, wherein the filled distal
end comprises a tapered fairing (1202).

18. The transluminal sheath of any one of Claims 1 to 5
wherein the distal region of the sheath comprises
longitudinal runners (506).

19. The transluminal sheath of any preceding Claim
wherein the sheath hub (308) and the dilator hub
(316) are releasably affixed at a minimum of three
points to prevent lateral relative motion in two sub-
stantially orthogonal axes.

20. The transluminal sheath of any preceding Claim
wherein the inner surface of the distal region (304)
of said elongate sheath tube (300) comprises longi-
tudinal runners (520).

21. The transluminal sheath of any preceding Claim
wherein said proximal region (302) of the elongate
sheath tube (300) is non-expandable.

22. The transluminal sheath of any preceding Claim
wherein said first cross-sectional profile has an outer
diameter of less than 10 French and said second,
greater cross-sectional profile has an outer diameter
of 12 French or larger.

23. The transluminal sheath of any preceding Claim
wherein said elongate sheath tube comprises a step
transition (902) smoothed by a fairing.

24. The transluminal sheath of any preceding Claim
wherein the dilator hub (316) comprises a dilator in-
flation port (330) and a guidewire lumen (334).

25. The transluminal sheath of any one of Claims 1 to
5, wherein the sheath comprises a split-ring support
frame (1110).

26. The transluminal sheath of any preceding Claim,
wherein said balloon dilator (320) is removable.

27. The transluminal sheath of any preceding Claim,
wherein the sheath hub (308) and the dilator hub
(316) are capable of being affixed and released by
manual pressure.

28. The transluminal sheath of any preceding Claim,
wherein the sheath hub (308) and the dilator hub
(316), when affixed, cannot rotate relative to each
other.

29. The transluminal sheath of any preceding Claim,
wherein the sheath hub and the dilator hub engage
substantially around their full perimeter.

30. The transluminal sheath of any preceding Claim,
wherein the sheath hub (308) substantially defines
a cone tapering inward in a distal direction.

31. The transluminal sheath of any preceding Claim,
wherein the distal surface (340) of the sheath hub
(308) has substantially the same curve radius as a
human finger.

32. The transluminal sheath of any preceding Claim,
wherein said balloon dilator (320), while in the first
cross-sectional profile, is frictionally locked within the
distal region (304) of the elongate sheath tube (300).

33. The transluminal sheath of Claim 16 comprising a
shroud (904), the shroud covering at least a portion
of the distal region (304) of the elongate sheath tube
(300) and holding the distal region compressed
against the inner shaft and the dilation balloon in said
first cross-sectional profile.

34. The transluminal sheath of any preceding Claim,
wherein the sheath hub (308) comprises a sealing-
type valve (1304) capable of opening to a large bore
and closing around instrumentation.

35. The transluminal sheath of Claim 24, wherein the
dilator hub (1308) further comprises a hemostatic
valve (1306).

36. The transluminal sheath of Claim 16, wherein said
balloon (320), when unexpanded, is folded in one or
more longitudinal creases (1020).
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Patentansprüche

1. Expandierbare transluminale Zugangshülle, die zur
Bereitstellung von Minimalinvasivzugang zu Körper-
lumen oder -hohlräumen geeignet ist, umfassend:
ein längliches Hüllrohr (300), umfassend:

einen distalen Bereich (304), der von einem ers-
ten Querschnittsprofil zu einem zweiten, größe-
ren Querschnittsprofil als Reaktion auf darin
ausgeübten Druck expandierbar ist;
einen proximalen Bereich (302);
eine Übergangszone (822), die Chevrons oder
Zacken zwischen dem proximalen Bereich und
dem distalen Bereich umfasst, wobei die Über-
gangszone einen glatten Übergang zwischen
dem proximalen Bereich und dem distalen Be-
reich bereitstellt, wenn sich der distale Bereich
in dem ersten Querschnittsprofil befindet; und
ein durchgehendes Lumen, das sich durch den
distalen Bereich, den proximalen Bereich und
die Übergangszone erstreckt, wobei das Lumen
einen Weg von im wesentlichen gleichmäßiger
innerer Größe bildet, wenn der distale Bereich
(304) auf das zweite, größere Querschnittprofil
expandiert wurde;
eine Hüllennabe (308), die am proximalen Ende
des proximalen Bereichs des länglichen Hüll-
rohrs angebracht ist, wobei die Nabe dazu ge-
eignet ist, ein inneres Lumen zu bilden, um den
Durchgang von Instrumenten zu erleichtern;
und
einen Ballondilatator (320) im Inneren des läng-
lichen Mantelrohrs und ein Führungsdrahtlu-
men (334) im Inneren des Ballondilatators, wo-
bei der Ballondilatator in der Lage ist, den dis-
talen Bereich des länglichen Mantelrohrs von
dem ersten Querschnittsprofil zu dem zweiten,
größeren Querschnittsprofil radial zu expandie-
ren;
gekennzeichnet durch den distalen Bereich,
der eine Verbundstruktur umfasst, wobei die
Verbundstruktur in einer oder mehreren Längs-
falten (328) gefaltet ist, wenn sich der distale
Bereich in dem ersten Querschnittsprofil befin-
det, wobei die Verbundstruktur eine Innenfläche
(1052), eine Außenfläche (1050) und eine zwi-
schen der Innenfläche und der Außenfläche des
distalen Hüllrohrs eingebettete formbare Ver-
stärkung (1056) umfasst, wobei die formbare
Verstärkung das distale Hüllrohr in seinem ge-
falteten ersten Querschnittsprofil hält, indem sie
eine Kraft ausübt, die beliebige Kräfte über-
steigt, die durch das distalen Hüllrohr ausgeübt
werden, und eine Dilatator-Nabe (316), die am
proximalen Ende des Dilatators angebracht ist,
wobei die Dilatator-Nabe lösbar an der Hül-
lennabe angebracht ist.

2. Transluminale Hülle nach Anspruch 1, wobei die Au-
ßenfläche (1050) und die Innenfläche (1052) ein Po-
lymer umfassen.

3. Transluminale Hülle nach Anspruch 2, wobei die In-
nenfläche (1052) und die Außenfläche (1050) aus
verschiedenen Polymeren hergestellt sind.

4. Transluminale Hülle nach einem der Ansprüche 1
bis 3, wobei sich die Hülle vorwiegend durch plasti-
sche Verformung biegt.

5. Transluminale Hülle nach Anspruch 4, wobei die
plastische Verformung durch Umgebungstempera-
turen im Wesentlichen nahe denen der Körpertem-
peratur verstärkt wird.

6. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei die formbare Verstärkung
(1056) eine geflochtene Struktur (804) ist.

7. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei das längliche Hüllrohr (300)
im Querschnitt im Wesentlichen als Reaktion darauf
verformbar ist, dass unregelmäßig geformte Gegen-
stände dadurch geschoben oder zurückgezogen
werden.

8. Transluminale Hülle nach einem der Ansprüche 1
bis 5, wobei die formbare Verstärkung (1056) eine
Drahtspule (612) ist.

9. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, ferner umfassen ferner einen oder
mehrere strahlungsundurchlässige Marker.

10. Transluminale Hülle nach Anspruch 9, wobei sich
mindestens einer des einen oder der mehreren
strahlungsundurchlässigen Marker im Wesentlichen
nahe dem distalen Ende des distalen Bereichs (304)
des länglichen Hüllrohrs (300) befindet.

11. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei der Ballondilatator (320) ei-
nen oder mehrere strahlungsundurchlässige Marker
umfasst.

12. Transluminale Hülle nach Anspruch 8, wobei die
Drahtspule (612) Spulen umfasst, die in einem Ab-
stand beabstandet sind, der im Wesentlichen gleich
oder kleiner als die Breite der Spulen ist.

13. Transluminale Hülle nach einem der Ansprüche 1
bis 5, wobei die formbare Verstärkung (1056) einen
metallischen Flachdraht umfasst.

14. Transluminale Hülle nach Anspruch 13, wobei der
flache Draht ein Polymer umfasst.
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15. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei die formbare Verstärkung
(1056) strahlungsundurchlässig ist.

16. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei der Ballondilatator einen Bal-
lon (320), eine innere Welle (318), eine äußere Welle
(324) und einen Ring zwischen der inneren Welle
und der äußeren Welle umfasst, wobei der Ring Öff-
nungen in die Innenraum des Ballons aufweist.

17. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei der Ballondilatator (320) ein
gefülltes distales Ende aufweist, das sich distal über
den distalen Bereich des länglichen Hüllrohrs hinaus
erstreckt, wobei das gefüllte distale Ende eine sich
verjüngende Verkleidung (1202) umfasst.

18. Transluminale Hülle nach einem der Ansprüche 1
bis 5, wobei der distale Bereich der Hülle Längsläufer
(506) umfasst.

19. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei die Hüllennabe (308) und die
Dilatator-Nabe (316) an mindestens drei Punkten
lösbar angebracht sind, um eine seitliche Relativbe-
wegung in zwei im Wesentlichen orthogonalen Ach-
sen zu verhindern.

20. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei die Innenfläche des distalen
Bereichs (304) des länglichen Hüllrohrs (300)
Längsläufer (520) umfasst.

21. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei der proximale Bereich (302)
des länglichen Hüllrohrs (300) nicht expandierbar ist.

22. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei das erste Querschnittsprofil
einen Außendurchmesser von weniger als 10
French aufweist und das zweite, größere Quer-
schnittsprofil einen Außendurchmesser von 12
French oder mehr aufweist.

23. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei das längliche Hüllrohr einen
durch eine Verkleidung geglätteten Stufenübergang
(902) umfasst.

24. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei die Dilatator-Nabe (316) eine
Dilatator-Aufblasöffnung (330) und ein Führungs-
drahtlumen (334) umfasst.

25. Transluminale Hülle nach einem der Ansprüche 1
bis 5, wobei die Hülle einen Spaltring-Trägerrahmen
(1110) umfasst.

26. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei der Ballondilatator (320) ent-
fernbar ist.

27. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei die Hüllennabe (308) und die
Dilatator-Nabe (316) in der Lage sind, durch manu-
ellen Druck angebracht und gelöst zu werden.

28. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei die Hüllennabe (308) und die
Dilatator-Nabe (316), wenn sie angebracht sind, sich
nicht relativ zueinander drehen können.

29. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei die Hüllennabe und die Dila-
tator-Nabe im Wesentlichen um ihren vollen Umfang
herum in Eingriff stehen.

30. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei die Hüllennabe (308) im We-
sentlichen einen Kegel definiert, der sich in distaler
Richtung nach innen verjüngt.

31. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei die distale Oberfläche (340)
der Hüllennabe (308) im Wesentlichen den gleichen
Krümmungsradius wie ein menschlicher Finger auf-
weist.

32. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei der Ballondilatator (320),
während er sich im ersten Querschnittsprofil befin-
det, im Inneren des distalen Bereichs (304) des läng-
lichen Hüllrohrs (300) reibschlüssig verriegelt ist.

33. Transluminale Hülle nach Anspruch 16, umfassend
eine Hülle (904), wobei die Hülle mindestens einen
Teil des distalen Bereichs (304) des länglichen Hüll-
rohrs (300) bedeckt und den distalen Bereich gegen
die innere Welle und den Dilatationsballon in dem
ersten Querschnittsprofil zusammengedrückt hält.

34. Transluminale Hülle nach einem der vorhergehen-
den Ansprüche, wobei die Hüllennabe (308) ein
Dichtungsventil (1304) umfasst, das in der Lage ist,
sich zu einer großen Bohrung zu öffnen und um In-
strumente zu schließen.

35. Transluminale Hülle nach Anspruch 24, wobei die
Dilatator-Nabe (1308) ferner ein hämostatisches
Ventil (1306) umfasst.

36. Transluminale Hülle nach Anspruch 16, wobei der
Ballon (320), wenn er nicht expandiert ist, in einer
oder mehreren Längsfalten (1020) gefaltet ist.
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Revendications

1. Gaine d’accès transluminal expansible adaptée pour
fournir un accès le minimum invasif à des lumières
ou cavités corporelles, comprenant :
un tube de gaine allongé (300) comprenant :

une région distale (304), qui est expansible de-
puis un premier profil en section transversale
vers un deuxième profil en section transversale
plus grand en réponse à une pression appliquée
dans celle-ci ;
une région proximale (302) ;
une zone de transition (822) comprenant des
chevrons ou dentelures entre ladite région proxi-
male et ladite région distale, dans laquelle la zo-
ne de transition procure une transition en dou-
ceur entre ladite région proximale et ladite ré-
gion distale quand ladite région distale est dans
ledit premier profil en section transversal ;
et une lumière débouchante s’étendant à travers
la région distale, la région proximale, et la zone
de transition, dans laquelle ladite lumière forme
un chemin de taille interne sensiblement unifor-
me quand ladite région distale (304) a été ex-
pansée vers ledit deuxième profil en section
transversale plus grand ;
un raccord de gaine (308) fixé à l’extrémité proxi-
male de la région proximale dudit tube de gaine
allongé, ledit raccord adapté pour former une
lumière interne pour faciliter le passage
d’instruments ;
et un dilatateur de ballonnet (320) à l’intérieur
dudit tube de gaine allongé et un lumière de fil
de guidage (334) à l’intérieur du dilatateur de
ballonnet, le dilatateur de ballonnet en mesure
d’expanser radialement ladite région distale du-
dit tube de gaine allongé depuis ledit premier
profil en section transversale vers ledit deuxiè-
me profil en section transversale plus grand ;
caractérisé par ladite région distale compre-
nant une structure composite, ladite structure
composite étant pliée en un ou plusieurs plis lon-
gitudinaux (328) quand ladite région distale est
dans ledit premier profil en section transversal,
ladite structure composite comprenant une sur-
face interne (1052), une surface externe (1050),
et un renfort malléable (1056) intégré entre la
surface interne et la surface externe du tubage
de gaine distal, l’élément de renfort malléable
maintenant le tubage de gaine distal dans son
premier profil en section transversale plié en
exerçant une force qui dépasse toutes forces
imparties par le tubage de gaine distal, et un
raccord de dilatateur (316) fixé à l’extrémité
proximale dudit dilatateur, le raccord de dilata-
teur fixé de manière détachable audit raccord
de gaine.

2. Gaine transluminale selon la revendication 1, dans
laquelle la surface externe (1050) et la surface inter-
ne (1052) comprennent un polymère.

3. Gaine transluminale selon la revendication 2, dans
laquelle la surface interne (1052) et la surface exter-
ne (1050) sont fabriquées à partir de polymères dif-
férents.

4. Gaine transluminale selon l’une quelconque des re-
vendications 1 à 3, dans laquelle la gaine fléchit es-
sentiellement par déformation plastique.

5. Gaine transluminale selon la revendication 4, dans
laquelle ladite déformation plastique est améliorée
par des températures environnementales sensible-
ment proches de celles de la température corporelle.

6. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle l’élément de ren-
fort malléable (1056) est une structure tressée (804).

7. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle le tube de gaine
allongé (300) est sensiblement déformable en sec-
tion transversale en réponse à des objets de forme
irrégulière étant avancés ou retirés à travers celui-ci.

8. Gaine transluminale selon l’une quelconque des re-
vendications 1 à 5, dans laquelle l’élément de renfort
malléable (1056) est un enroulement de fil (612).

9. Gaine transluminale selon l’une quelconque reven-
dication précédente, comprenant en outre un ou plu-
sieurs marqueurs radio-opaques.

10. Gaine transluminale selon la revendication 9, dans
lequel au moins l’un de l’un ou plusieurs marqueurs
radio-opaques est sensiblement proche de l’extré-
mité distale de ladite région distale (304) du tube de
gaine allongé (300).

11. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle le dilatateur de
ballonnet (320) comprend un ou plusieurs mar-
queurs radio-opaques.

12. Gaine transluminale selon la revendication 8, dans
laquelle l’enroulement de fil (612) comprend des en-
roulements espacés à une distance sensiblement
égale à ou inférieure à la largeur des enroulements.

13. Gaine transluminale selon l’une quelconque des re-
vendications 1 à 5, dans laquelle l’élément de renfort
malléable (1056) comprend un fil plat métallique.

14. Gaine transluminale selon la revendication 13, dans
laquelle le fil plat comprend un polymère.
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15. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle l’élément de ren-
fort malléable (1056) est radio-opaque.

16. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle le dilatateur de
ballonnet comprend un ballonnet (320), un arbre in-
terne (318), un arbre externe (324), et un anneau
entre l’arbre interne et l’arbre externe, l’anneau ayant
des ouvertures dans l’intérieur du ballonnet.

17. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle le dilatateur de
ballonnet (320) a une extrémité distale remplie qui
s’étend au-delà de manière distale de la région dis-
tale du tube de gaine allongé, dans lequel l’extrémité
distale remplie comprend une pièce de guidage fu-
selée (1202).

18. Gaine transluminale selon l’une quelconque des re-
vendications 1 à 5, dans laquelle la région distale de
la gaine comprend des patins longitudinaux (506).

19. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle le raccord de gai-
ne (308) et le raccord de dilatateur (316) sont fixés
de manière détachable à un minimum de trois points
pour empêcher un déplacement radial relatif sur
deux axes sensiblement orthogonaux.

20. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle la surface interne
de la région distale (304) dudit tube de gaine allongé
(300) comprend des patins longitudinaux (520).

21. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle ladite région
proximale (302) du tube de gaine allongé (300) est
non-expansible.

22. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle ledit premier pro-
fil en section transversale a un diamètre externe in-
férieur à 10 unités Charrière et ledit deuxième profil
en section transversale plus grand a un diamètre
externe de 12 unités Charrière ou plus.

23. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle ledit tube de gai-
nage allongé comprend une transition étagée (902)
adoucie par une pièce de guidage.

24. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle le raccord de di-
latateur (316) comprend un port de gonflage de di-
latateur (330) et une lumière de fil de guidage (334).

25. Gaine transluminale selon l’une quelconque des re-

vendications 1 à 5, dans laquelle la gaine comprend
un cadre de support annulaire fendu (1110).

26. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle le dilatateur de
ballonnet (320) est amovible.

27. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle le raccord de gai-
ne (308) et le raccord de dilatateur (316) sont en
mesure d’être fixés et libérés par une pression ma-
nuelle.

28. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle le raccord de gai-
ne (308) et le raccord de dilatateur (316), quand ils
sont fixés, ne peuvent pas tourner l’un par rapport à
l’autre.

29. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle le raccord de gai-
ne et le raccord de dilatateur viennent en prise sen-
siblement tout autour de leur périmètre.

30. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle le raccord de gai-
ne (308) définit sensiblement un cône s’effilant vers
l’intérieur dans une direction distale.

31. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle la surface distale
(340) du raccord de gaine (308) a sensiblement le
même rayon de courbure qu’un doigt humain.

32. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle ledit dilatateur de
ballonnet (320), quand il est dans le premier profil
en section transversale, est verrouillé de manière
frictionnelle dans la région distale (304) du tube de
gaine allongé (300).

33. Gaine transluminale selon la revendication 16, com-
prenant un flasque (904), le flasque couvrant au
moins une partie de la région distale (304) du tube
de gaine allongé (300) et maintenant la région distale
compressée contre l’arbre interne et le ballonnet de
dilatation dans ledit premier profil en section trans-
versale.

34. Gaine transluminale selon l’une quelconque reven-
dication précédente, dans laquelle le raccord de gai-
ne (308) comprend une vanne de type d’étanchéité
(1304) en mesure de s’ouvrir sur un alésage large
et de se fermer autour d’instruments.

35. Gaine transluminale selon la revendication 24, dans
laquelle le raccord de dilatateur (1308) comprend en
outre une vanne hémostatique (1306).
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36. Gaine transluminale selon la revendication 16, dans
laquelle ledit ballonnet (320), quand il n’est pas ex-
pansé, est plié en un ou plusieurs plis longitudinaux
(1020).
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