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Description

FIELD OF THE INVENTION

[0001] Theinvention relates generally to an apparatus
and method for treating vasculatures, and, more partic-
ularly, to methods and apparatus for passing one or more
guidewires through a chronic total occlusion of a vascu-
lature.

BACKGROUND OF THE INVENTION

[0002] A chronic total occlusion in a coronary artery,
peripheral artery, vein, dialysis fistula or other types of
vasculature represents a challenge for percutaneous
treatment. Percutaneous treatments are generally pre-
ferred revascularization options as compared to bypass
surgery. Continuing improvements in equipment specif-
ically developed for chronic total occlusions have allowed
success rates to improve. Although the success rates for
these types of procedures have improved, the proce-
dures for percutaneous treatments still suffer from sev-
eral drawbacks. Patients without a successful percuta-
neous treatment may need to undergo bypass surgery
or experience continuing symptoms from the occlusions.
[0003] A major obstacle within a chronic total occlusion
may often be encountered while attempting to advance
a guidewire across the chronic total occlusion in a vas-
culature. A maximum resistance may be met at the most
proximal point of the lesion, i.e. the firm, fibrous cap.
While being advanced, a guidewire may tend to deflect
away from the fibrous cap towards the adventitial layer,
often entering a false lumen. This off-axis displacement
of the guidewire often may result in a procedural failure.
[0004] Successful passage of the guidewire may also
be obstructed by randomly located calcified regions of
atherosclerotic plaque within the mass of the lesion. Mi-
crochannels within the obstruction may be desirable tar-
getsforthetip of the guidewire. However, these soft spots
within the lesion are difficult to identify angiographically
and are dispersed randomly within the matrix of the le-
sion.

[0005] Coronary arteries and other vasculatures tend
to be non-linear conduits, often coursing over the surface
of the epicardium and other tissues. The success of cur-
rent technology is limited by this type of geometry. In
current systems, a guidewire or currently available cath-
eter is advanced down a vasculature to the level of the
obstruction. At the point of the obstruction, the guidewire
advancement may tend to proceed along the outer, great-
er curvature of the vasculature. Even a guidewire cen-
tered within the vasculature at the proximal edge of the
chronic total occlusion may tend to proceed toward the
outer, greater curvature of a vasculature.

[0006] As a result, only a minor portion of the surface
area of the obstruction may be encountered with suffi-
cient force to allow passage of the guidewire. On many
occasions, the angle of encounter and/or the force ap-
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plied to the fibrous cap may not be sufficient for crossing
the fibrous cap with the guidewire. If the tip of the
guidewire is curved prior to placement through the sup-
port catheter, direct longitudinal force may be compro-
mised as the wire is advanced off axis. If arapid exchange
catheter system is used as catheter support, the
guidewire may buckle within the guide-catheter resulting
in suboptimal longitudinal guidewire force.

[0007] At times, a single lumen angioplasty balloon
may be inflated just proximal to the chronictotal occlusion
in an attempt to center the guidewire in the vessel lumen
and provide additional support for the guidewire. Athero-
sclerotic lesions tend to be asymmetric with an eccentric
true lumen. Therefore, attempts to limit the guidewire to
the central axis of the vessel lumen may result in lower
rates of procedural success.

[0008] Generally, needs exist for improved apparatus
and methods for treating vasculatures. More specifically,
needs exist for improved apparatus and methods for ef-
ficiently and effectively passing a guidewire through a
chronic total occlusion in a vasculature.

SUMMARY OF THE INVENTION

[0009] Embodiments of the present invention solve
many of the problems and/or overcome many of the draw-
backs and disadvantages of the prior art by providing an
apparatus and method for treating vasculatures.

[0010] In particular, embodiments of the invention may
accomplish this with an apparatus for efficiently and ef-
fectively passing a guidewire through a chronic total oc-
clusion in a vasculature. The apparatus may have a flex-
ible shaft, one or more guidewire lumens passing longi-
tudinally through the shaft, and a positioning means for
positioning distal ends of the one or more guidewires
relative to an inner wall of an external lumen.

[0011] The positioning means may be an expansible
scaffold initially in a non-expanded state. A retractable
sheath may surround the expansible scaffold and the re-
tractable sheath may be retracted for expanding the ex-
pansible scaffold.

[0012] The positioning means may also be one or more
balloons where the one or more balloons are inflated
through an inflation port running longitudinally in the
shaft. The positioning means may also include guidewire
lumens coupled to or otherwise disposed within the ex-
pansible scaffold. The positioning means may also in-
clude inflatable means surrounding distal ends of the
guidewire lumens. The inflatable means may or may not
be located within an expansible scaffold.

[0013] The positioning means may also be a rotatable
core within the shaft. The positioning means may also
include a deflectable tip on the catheter. The positioning
means may also include a shape-memory material inte-
grated with the guidewire lumens.

[0014] A method of operating a catheter apparatus
may include providing a catheter apparatus including a
flexible shaft, one or more guidewire lumens passing lon-
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gitudinally through the shaft, one or more guidewires
within the one or more guidewire lumens, and a position-
ing means, inserting a guide catheter into a vasculature
with a chronic total occlusion, inserting the catheter ap-
paratus into the guide catheter, activating the positioning
means for positioning the one or more guidewires relative
to the chronic total occlusion, and advancing the one or
more guidewires through the one or more guidewire lu-
mens and into contact with the chronic total occlusion.
[0015] The one or more guidewires may be passed
through the chronic total occlusion. The catheter appa-
ratus may be withdrawn from the vasculature while leav-
ing the one or more guidewires in place. The one or more
guidewires may be withdrawn from contact with the
chronic total occlusion and the one or more guidewires
may be advanced through the one or more guidewire
lumens into contact with the chronic total occlusion re-
peatedly until a suitable site for passing the one or more
guidewires through the chronic total occlusion is found.
The positioning means may be activated before each ad-
vancing the one or more guidewires through the one or
more guidewire lumens into contact with the chronic total
occlusion.

[0016] Another embodiment of the present invention
may be a catheter apparatus including a multi-lumen
main shaft; one or more guidewire lumens extending from
a distal end of the multi-lumen shaft with lumens within
the one or more guidewire lumens contiguous with at
least one of the multi-lumens of the multi-lumen main
shaft; an expansible support structure coupled to the dis-
tal end of the multi-lumen shaft; one or more loops cor-
responding to each of the one or more guidewire lumens,
wherein the one or more loops corresponding to each of
the one or more guidewire lumens are coupled to the
expansible support structure, and wherein the one or
more loops corresponding to each of the one or more
guidewire lumens project inward from the plane of the
expansible support structure; and wherein the one or
more guidewire lumens are threaded through the corre-
sponding one or more loops.

[0017] Additional features, advantages, and embodi-
ments of the invention are set forth or apparent from con-
sideration of the following detailed description, drawings
and claims. Moreover, it is to be understood that both the
foregoing summary of the invention and the following de-
tailed description are exemplary and intended to provide
further explanation without limiting the scope of the in-
vention as claimed.

BRIEF DESCRIPTION OF THE INVENTION

[0018] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate preferred embodiments of the invention
and together with the detailed description serve to explain
the principles of the invention. In the drawings:
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Fig. 1A is a perspective view of a self-expanding
catheter apparatus.

Fig. 1B is a distal end view of the catheter apparatus
of Fig. 1A.

Fig. 1C is a cross section view of a midpoint of the
catheter apparatus of Fig. 1A.

Fig. 1D is a perspective view of the self-expanding
end of the catheter apparatus of Fig. 1A in an ex-

panded state with a stop point.

Fig. 1E is a cross section view of a midpoint of the
catheter apparatus of Fig. 1D.

Fig. 1F is distal end view of the catheter apparatus
of Fig. 1D.

Fig. 1G is a perspective view of the self-expanding
end of the catheter apparatus of Fig. 1A in an ex-

panded state with a truncated conical portion.

Fig. 1H is a side view of the catheter apparatus of
Fig. 1A in a sheathed state.

Fig. 1lis a perspective view of the catheter apparatus
of Fig. 1A with a deflectable tip.

Fig. 1J is a side view of ashorter constraining sheath.
Fig. 1K is a side view of a longer constraining sheath.

Fig. 2A is a perspective view of a catheter apparatus
with a single balloon.

Fig. 2B is a cross section view of a midpoint of the
catheter apparatus of Fig. 2A.

Fig. 3A is a perspective view of a catheter apparatus
with double balloons.

Fig. 3B is a cross section view of a midpoint of the
catheter apparatus of Fig. 3A.

Fig. 4A is a perspective view of a catheter apparatus
with a balloon.

Fig. 4B is a distal end view of the catheter apparatus
of Fig. 4A.

Fig. 4C is a cross section view of a midpoint of the
catheter apparatus of Fig. 4A.

Fig. 5A is a perspective view a catheter apparatus
with a rotating inner core.

Fig. 5B is a cross section view of a midpoint of the
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catheter apparatus of Fig. 5A.

Fig. 6A is a perspective view a catheter apparatus
with a deflecting tip and stabilizing balloon.

Fig. 6B is a cross section view of a midpoint of the
catheter apparatus of Fig. 6A.

Fig. 7Ais a perspective view of a catheter apparatus
with an expansible mesh tip.

Fig. 7B is adetail of the catheter apparatus of Fig. 7A.

Fig. 8Ais a perspective view of a catheter apparatus
with guidewire lumens coupled to an expansible
mesh tip.

Fig. 8B is adetail of the catheter apparatus of Fig. 8A.

Fig. 8C illustrates the retraction of a retractable
sheath from the catheter apparatus of Fig. 8A and
Fig. 8B.

Fig. 8D illustrates the retraction of a retractable
sheath as in Fig. 8C within a vasculature.

Fig. 9Ais a perspective view of a catheter apparatus
with expandable devices surrounding the lumen
guidewires.

Fig. 9B illustrates the retraction of a retractable
sheath from the catheter apparatus of Fig. 9A.

Fig. 10 illustrates the retraction of a retractable
sheath from a catheter apparatus with shape-mem-
ory materials integrated with guidewire lumens.

Fig. 11 illustrates the retraction of a retractable
sheath from a catheter apparatus and expansion of
sponges surrounding guidewire lumens.

Fig. 12Ais a perspective view of a loop embodiment
in an expanded state.

Fig. 12B is an unwrapped view of the loop embodi-
ment of Fig. 12A.

Fig. 12C is a distal end view of the loop embodiment
of Fig. 12A.

Fig. 13 is an unwrapped view of another loop em-
bodimentwhere loops may be located on any closed
cell.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0019] Embodiments of the present invention may in-
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clude apparatus and methods for advancing one or more
guidewires through chronic total occlusions in vascula-
tures.

[0020] Embodiments of the present invention may in-
corporate several features to successfully pass one or
more guidewires through a chronic total occlusion. Fea-
tures of the present invention may include multiple lu-
mens constructed within a catheter shaft, expansion or
activation of a distal tip of a catheter apparatus for cre-
ating a scaffold effect, and/or decentralization of the
guidewire lumens after activation or distal catheter repo-
sitioning for allowing multiple sections of a fibrous cap to
be forcefully engaged by a guidewire. Embodiments of
the present invention may optimize advancement of the
one or more guidewires into multiple sections of a fibrous
cap of a chronic total occlusion with reasonable force.
[0021] Inembodiments of the present invention one or
more over-the-wire lumens may be constructed within a
shaft of a catheter apparatus. Embodiments of the
present invention may preferably use two or more lu-
mens. Larger vasculatures, such as coronary arteries,
may accommodate higher profile catheters and allow use
of additional lumens. Each lumen may accommodate at
least a 0.014" diameter guidewire. Other sized lumens
and guidewires may be accommodated based upon the
desired end use. Standard off-the-shelf or customized
guidewires may be used. For example, in addition to tra-
ditional guidewires, embodiments of the present inven-
tion may be used with guidewires including, but not lim-
ited to, steerable, hydrophilic, Teflon-coated, heparin-
coated, ball-tip, J-tip, spiral tip, angulated wire and oth-
ers.

[0022] Embodiments of the present invention may be
combined with other types of catheter devices. The po-
sitioning systems and methods of the present invention
may be to deliver and/or direct other catheters towards
a desired position. For example, a vibrating catheter or
other specialized catheter may be directed towards a
chronic total occlusion or other location in a vasculature.
A microcatheter with a distal positioning device, includ-
ing, for example, one or more balloons that may be in-
flated individually, sequentially or simultaneously, or oth-
er features, may be placed in proximity to a chronic total
occlusion. A positioning system may steer the microcath-
eter away from a wall of a vessel, as it probes a cap of
a chronic total occlusion. Microcatheters with angulation
or other features may be placed in proximity to a chronic
total occlusion where the angulation steers away from a
wall of a vessel, probes a cap of a chronic total occlusion
or otherwise changes directions. A catheter portion
and/or sheath of embodiments of the present invention
may be large enough to deliver and/or position special-
ized catheters to a desired location. Positioning devices
may then be used to position the specialized catheters
in a beneficial manner for a procedure.

[0023] Inparticular,embodiments of the presentinven-
tion may deliver energy via the guidewires through radio
frequencies and/or lasers. Furthermore, other types of
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energy may be delivered such as direct conductive heat
energy, infrared or other types of energy that may be
useful in particular applications. Various types of
guidewires and/or delivering energy via guidewires may
allow for various types of treatments. The external diam-
eter of a catheter apparatus of the present invention may
allow passage through a standard guide catheter. The
outer surface of a catheter apparatus of the present in-
vention may be coated with hydrophilic material to allow
easier passage through the guide catheter. With alter-
nate dimensions, the catheter apparatus of the present
invention may be used in peripheral vessels. In this sit-
uation, a guide catheter may not be necessary to insert
the device into the vasculature.

[0024] Figs. 1A - 1K show a self-expanding catheter
apparatus 11. The external diameter of the self-expand-
ing catheter apparatus 11 may pass through a sheath 19.
[0025] The sheath 19 may be a separate element sur-
rounding the distal end of the catheter apparatus 11 to
maintain the catheter apparatus 11 in an inactive state.
The sheath 19 may have a rounded or tapered end for
facilitating passage through a vasculature. Other end
configurations are possible depending on particular us-
es.

[0026] Additional embodiments of the sheath may be
shown in Figs. 1J - 1K. A sheath 68, 69 may be used to
lower a profile of a self-expanding distal portion 13 of the
catheter apparatus 11, which may preferably be a nitinol
component, during insertion and removal of the catheter
apparatus 11 from a vasculature. A sheath 68 may have
a shorter configuration, as shown in Fig. 1J, covering at
least a distal self-expanding component, preferably a niti-
nol element, on the catheter apparatus 11. The sheath
68, however, may preferably be long enough to corre-
spond to the length of the treated vasculature, i.e., long
enough to cover the portion of the catheter extending
outside of a guide catheter and into the vasculature. This
sheath configuration may function by insertion through a
guide catheter and advancement into a treated vascula-
ture. The sheath 68 may be attached 60 to a solid core
guidewire and/or flexible device 67. The solid core
guidewire and/or flexible device 67 may be long enough
to traverse a guide catheter. The solid core guidewire
and/or flexible device 67 may be a solid structure with no
internal lumens and may preferably be made of plastic
or similar materials. The solid core guidewire and/or flex-
ible device 67 may be manipulated from outside the body,
preferably by means of an expanded element 64 at a
proximal end of the solid core guidewire and/or flexible
device 67. The solid core element 67 may parallel the
catheter apparatus 11 through a guide catheter. A distal
portion 58 of the sheath 68 may be flared to fit a self-
expanding portion 13 of the catheter apparatus device
11. The distal portion 58 may also have one or more
radiopaque or other types of markers 54. The sheath 68
may have a stop point to allow withdrawal of the sheath
68 to a predetermined position, which may also facilitate
resheathing of the catheter apparatus 11.
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[0027] Alternatively, as shown in Fig. 1K, a sheath 69
may have a longer length, completely surrounding an
intravascular portion of the catheter apparatus 11 during
insertion and removal. The sheath 69 may be a flexible
with a roughly cylindrical shape. The sheath 69 may pref-
erably be made of plastic or other similar materials. This
sheath configuration may have a larger profile element
62 at an extra-vascular, proximal end, allowing for easier
handling and movement of the sheath 69. A distal portion
66 of the sheath 69 may be flared to fit a self-expanding
portion 13 of the catheter apparatus device 11. The distal
portion 66 may also have one or more radiopaque or
other types of markers 56. The sheath 69 may have a
stop point to allow withdrawal of the sheath 69 to a pre-
determined position, which may also facilitate resheath-
ing of the catheter apparatus 11. The sheath 69 may be
used in conjunction with a guide catheter or may function
without a guide catheter in a non-coronary vasculature.
[0028] A body or shaft 23 of the catheter apparatus 11
may be made of a flexible plastic material or any other
similar substance. A hydrophilic coating may or may not
be added to the outer surfaces of the catheter apparatus
11. One or more hubs 21 corresponding to one or more
guidewires 15 and one or more lumens 17 may be dis-
posed ata proximate end 29 of the catheter apparatus 11.
[0029] The oneormore hubs 21 may be marked, color-
coded, numbered or may otherwise differentiate between
one another. Identification of individual guidewire lumens
may allow more effective use of embodiments of the
presentinvention. With marking, users may improve their
ability to identify which guidewire lumen may be prefer-
ably used during a procedure. For example, if a particular
guidewire lumen is in a preferable location relative to oth-
er guidewire lumens an operator may desire a quick and
reliable method of inserting a guidewire through that par-
ticular guidewire lumen. Marking may save time and ef-
fort by eliminating trial and error to determine a desired
guidewire lumen. Alternatively, marking may be useful
for applications other than treatment of occluded vascu-
latures, such as steering guidewires through vascula-
tures via various lumens. For example, marking can allow
embodiments of the present invention to be used in other
areas and/or conditions of a vasculature, such as tra-
versing the tortuous coronary arteries. Distal and proxi-
mal ends of the guidewire lumens may be similarly
marked to identify the guidewire lumens. Distal ends or
structures on distal ends of the guidewire lumens may
be marked such that the user may identify a preferred
guidewire lumen while the catheter apparatus is within a
patient. Marking with radiopaque or other types of mark-
ers may include temporary structures within the
guidewire lumens. For example, markers may be present
on stylets within the guidewire lumens. The stylets may
be removed if desired to reduce mass or otherwise im-
prove efficiency of a procedure.

[0030] Theoneormore hubs 21 may allow introduction
of stylets or other structures that run through the catheter
apparatus to render it stiff or to remove debris from its
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lumen. The one or more hubs 21 may also allow passage
of one or more guidewires 15.

[0031] Generally, adistal portion 13 of the catheter ap-
paratus 11 may function as a scaffold-type structure. The
distal portion 13 of the catheter apparatus 11 may stabi-
lize the catheter apparatus 11 within a vasculature lumen
asoneor more guidewires 15 are advanced into a chronic
total occlusion. One or more guidewires 15 may be
threaded through one or more lumens 17 within the cath-
eter apparatus 11.

[0032] The distal portion 13 of the catheter apparatus
11 is preferably self-expanding. Fig. 1B shows the distal
end 25 of the catheter apparatus 11inan expanded state.
Fig. 1C shows a cross section of the catheter apparatus
11 with a retractable sheath 19 surrounding the body 23.
The retractable sheath 19 may be retracted by moving
the retractable sheath towards the proximate end 29 of
the catheter apparatus 11. The distal portion 13 of the
catheter apparatus 11 may include an activated scaffold
structure 27 to stabilize the catheter apparatus 11. The
activated scaffold structure 27 may expand to match a
diameter of the vasculature lumen upon retraction of the
retractable sheath 19.

[0033] Nitinol and/or stainless steel may be incorpo-
rated into the scaffold structure 27. Nitinol is an illustrative
example of a shape memory alloy. Other shape memory
alloys or other similar substances may be used. Gener-
ally, after a sample of a shape memory alloy has been
deformed from its original crystallographic configuration,
the shape memory alloy regains its original geometry by
itself. This property of shape memory alloys may allow
for expansion of the scaffold structure 27 after retraction
of the retractable sheath 19. The nitinol and/or stainless
steel scaffold structure 27 may create a stent-like mesh.
The scaffold structure 27 may form the surface of the
distal portion 13 of the catheter apparatus 11.

[0034] Fig. 1H shows an inactive scaffold structure 31.
The inactive scaffold structure 31 may be advanced over
a guidewire into a chronic total occlusion with a retract-
able sheath 19 in place to constrain the self-expanding
but inactive scaffold structure 31. The retractable sheath
19 may cover the inactive scaffold structure 31. When
the inactive scaffold structure 31 is properly positioned,
the retractable sheath 19 may be retracted by an appro-
priate retraction means. As the retractable sheath 19 is
retracted, the inactive scaffold structure 31 of the catheter
apparatus 11 may become active and may flare out. Dur-
ing a flare out process, the inactive scaffold structure 31
may self-expand to assume a larger diameter to roughly
approximate the diameter of the vasculature in the loca-
tion of the distal portion 13 of the catheter apparatus 11.
[0035] The retraction of the retractable sheath 19 may
be a continuous or step-wise process. For example, the
retractable sheath 19 may be retracted in one operation
by a user until the scaffold structure 31 is fully exposed.
Alternatively, the retractable sheath 19 may be retracted
in increments less than that required for full expansion
of the scaffold structure 31. Stop points during retraction
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of the retractable sheath 19 may allow for predetermined
quantities of expansion of the scaffold structure 31. For
example, if a procedure required less than full expansion
of the scaffold structure 31, a stop point short of full re-
traction of the retractable sheath 19 may be chosen.
[0036] The conversion and expansion of the inactive
scaffold structure 31 into an active scaffold structure 27
may create a relatively stable platform from which to ad-
vance the one or more guidewires 15 into multiple sec-
tions of the chronictotal occlusion. The activated catheter
apparatus 11 with the retractable sheath 19 retracted
may have an activated scaffold structure shaped as a
truncated cone or other suitable shape. A surface 33 of
the expanded distal end 13 of the catheter apparatus 11
may consist of a "skin" of the scaffold structure 27. An
end cap 35 may or may not cover the distal end 35 of the
catheter apparatus 11. The end cap 35 may preferably
be made of an impervious expandable polymer, but other
similar substances may be used.

[0037] Fig. 1D shows an activated scaffold structure
27 that may be filled with an expandable polymer or sim-
ilar material. The expandable polymer or similar material
may fill the scaffold structure 27 to form a truncated, con-
ical or other appropriate shape for securing the catheter
apparatus 11 within the vasculature lumen. The expand-
able polymer may support distal portions of one or more
guidewire lumens 17. Upon expansion of the expandable
polymer, the embedded lumen ends 37 may flare out
correspondingly with the end cap 35. Fig. 1E shows a
cross section of the catheter apparatus 11 with the re-
tractable sheath 19 surrounding the shaft 23. Fig. 1F
shows an end view of the expanded end cap 35 with
embedded guidewire lumens 17.

[0038] A skin 33 may surround the expandable poly-
mer or similar material. The skin 33 may be a temporary
metal "stent”. The metal stent may be a mesh type struc-
ture. The metal stent may become a truncated conical
shape after expansion or any other suitable shapes.
[0039] Thea-bdimension 39 indicated in Fig. 1D may
shorten when the retractable sheath 19 is removed from
scaffold structure 27. The degree of shortening of the a
- b dimension 39 may vary depending on the degree of
expansion, the materials used, etc.

[0040] The retractable sheath 19 may be retracted to
a stop point. The stop point may prevent over-retraction
of the retractable sheath 19. A retractable sheath 19 at
the stop point may facilitate re-sheathing of the scaffold
structure 27.

[0041] Fig. 1G shows multiple guidewire lumens 17
that may be suspended within a scaffold structure 27
without using an expansible polymer or similar filler. A
skin 33 may be made of nitinol, stainless steel, or another
expansible substance. The one or more guidewire lu-
mens 17 may extend to the distal end 25 of the scaffold
structure 27. The scaffold structure 27 may begin roughly
at a transition point 41. The one or more guidewire |u-
mens 17 may or may not be embedded in an end cap
35. The end cap may an impervious plastic material.
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[0042] Fig. 1l shows a catheter apparatus with an ex-
pandable skin 33 and a deflectable tip 43. The deflectable
tip 43 may be rotatable or otherwise moveable. The de-
flectable tip 43 may be rotatable with a rotator 45 or other
similar device at the proximate end 29 of the catheter
apparatus 11. The embodiment depicted in Fig. 1 pref-
erably does not include and end cap 35. The lack of an
end cap 35 may allow for freedom of movement of the
deflectable tip 43. The distal portion 13 of the catheter
apparatus 11 may flare after the retractable sheath 19 is
retracted. A single, centrally located deflectable lumen
47 may allow a guidewire 15 to be advanced in numerous
planes. The deflectable tip 43 may allow for controlled
probing of the fibrous cap of a chronic total occlusion.
[0043] Other embodiments of the present invention
may include one or more balloons at or near a distal end
of a catheter apparatus. The one or more balloons may
be circumferential. Alternatively, the one or more bal-
loons may be offset and placed longitudinally. Other po-
sitions and arrangements are possible depending on par-
ticular situations.

[0044] Fig. 2A shows an embodiment of the present
invention with a balloon 53 that may be placed longitu-
dinally near a distal tip 55 of a catheter apparatus 51.
The balloon 53 may parallel the long axis of a shaft 59
of the catheter apparatus 51. Inflation of the balloon 53
may deflect the position of one or more guidewire lumens
57 relative to the fibrous cap of a chronic total occlusion.
The balloon 53 may be inflated to a diameter that may
buttress the catheter apparatus 51 against a wall of the
vasculature lumen. The balloon 53 may then be deflated,
the catheter apparatus 51 rotated, and the balloon 53
reinflated.

[0045] Fig. 2B shows a cross section of the catheter
apparatus 51. The balloon 53 may be inflated and deflat-
ed through an inflation port 65. The inflation port 65 may
pass through the shaft 59 to connect the balloon 53 to a
proximate end 63 of the catheter apparatus 51. This
method may result in one or more guidewires 59 probing
various sections of the fibrous cap. One or more hubs 61
at the proximate end 63 of the catheter apparatus 51 may
allow passage of the one or more guidewires 59. Stylets
or other similar structures may be inserted or reinserted
into the catheter apparatus 51 to facilitate rotation.
[0046] Fig. 3A shows an embodiment of the present
invention with a first longitudinal balloon 73 and a second
longitudinal balloon 75 positioned near a distal end 77 of
a catheter apparatus 71. More balloons may be used for
additional or different control of the catheter apparatus.
The multiple balloons 73, 75 may be inflated individually,
simultaneously, alternatively or sequentially depending
on the particular circumstances. The pattern of inflation
and/or deflation of the multiple balloons 73, 75 may allow
redirection of a distal catheter tip 79 relative to a fibrous
cap of achronictotal occlusion. Repositioning of the distal
catheter tip 79 may permit more complete interrogation
of the fibrous cap with one or more guidewires 81. One
or more hubs 83 at the proximate end 85 of the catheter
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apparatus 71 may allow passage of the one or more
guidewires 81 through a shaft 87.

[0047] Fig. 3B shows a cross section of the catheter
apparatus 71. One or more guidewire lumens 89 may
pass through the catheter apparatus 71. Embodiments
of the present invention may be constructed with multiple
inflation ports (not shown) or with one inflation port 91
servicing the multiple balloons 73, 75. If the later option
is utilized, the balloon materials may be constructed to
allow selective, and/or sequential inflations at increasing
balloon pressures. The balloons 73, 75 may be posi-
tioned at various angles relative to one another around
the circumference of the shaft 87.

[0048] Fig. 4A shows an embodiment of the present
invention with a balloon 103 with a distal surface 105 in
a catheter apparatus 101. The balloon 103 may be flat,
cylindrical or any other suitable configuration. Addition-
ally, the balloon 103 may be sectioned. One or more
guidewire lumens 107 may be extruded through the bal-
loon material. The balloon 103 may be inflated to match
the inner diameter of the vasculature lumen. Fig. 4B
shows an end view of the catheter apparatus 101. As the
balloon 103 expands, the one or more guidewire lumens
107 extruded through the balloon 103 may diverge rela-
tive to one another in reaction to expansion of the balloon
103. The divergence may allow one or more guidewires
109 to probe various sections of the fibrous cap of the
chronictotal occlusion. One or more hubs 111 atthe prox-
imate end 113 of the catheter apparatus 101 may allow
passage of the one or more guidewires 109. Fig. 4C
shows a cross section of the catheter apparatus 101. A
balloon inflation port 115 may pass through a shaft 117
with the one or more lumens 107 to inflate and/or deflate
the balloon 103.

[0049] Fig. 5A shows a catheter apparatus 121 with an
inner core 123 within an outer core 125. The inner core
123 may contain one or more lumens 127. Embodiments
of the present invention may preferably include two or
more lumens 127. Fig. 5B illustrates an embodiment with
two lumens placed at positions of 3 o’clock and 9 o’clock
within the inner core 123. Other quantities of lumens 127
and positions are contemplated for various applications
and situations. The inner core 123 may be rotated within
the outer shell 125 of the catheter apparatus 121 by turn-
ing or otherwise manipulating a rotator 129 at a proximate
end 131 of the catheter apparatus 121. The rotator 129
may be coupled 133 or otherwise connected to the inner
core 123. One or more guidewires 135 may be connected
to one or more hubs 137 at the proximate end 131 of the
catheter apparatus 121. The one or more guidewires may
extend from a distal end 139 of the catheter apparatus
121.

[0050] A-rotatable inner core 123 of catheter apparatus
121 may be used in conjunction with the various balloon
configurations described above. For example, if con-
structed with a non-longitudinal stabilizing balloon, the
shape of the distal tip balloon may be circumferential,
i.e., doughnut-shaped.
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[0051] Fig. 6A shows an embodiment of the present
invention with a single stabilizing balloon 143 and a de-
flecting tip 145 on a catheter apparatus 141. The single
stabilizing balloon 143 may be used in conjunction with
a deflectable distal catheter tip 145 for eccentric place-
ment of one or more guidewires 147. The one or more
guidewires 147 may be passed through one or more hubs
149 at a proximate end 151 of the catheter apparatus
141. Fig. 6B shows a cross section of the catheter appa-
ratus 141. One or more lumens 153 may pass through a
shaft 155. An inflation port 157 may allow inflation and/or
deflation of the stabilizing balloon 143. The deflecting tip
145 may be located at various angles depending on the
particular situation.

[0052] Catheter apparatus shafts 23, 59, 87, 117, 12
and 155 may be constructed with either a circular, oval
orrectangular shape. Other shapes are possible depend-
ing on particular uses.

[0053] Fig. 7A shows an embodiment of the present
invention with an expansible portion 159 at a distal tip
161 of a catheter apparatus 163. The expansible portion
159 may be a mesh or other similar configuration as de-
scribed above. The expansible portion 159 may be ex-
panded by retracting a retracting sheath 165 away from
the distal tip 161 of the catheter apparatus 163. The ex-
pansible portion 159 may be expanded into contact with
a wall of a vasculature.

[0054] Fig. 7B shows a detail of the catheter apparatus
163. A central core 167 may contain one or more
guidewire lumens 169. The central core 167 may or may
notbe expandable. The central core 167 may berotatable
to allow one or more guidewires 169 to probe various
sections of a fibrous cap. One or more hubs 171 at the
proximate end 173 of the catheter apparatus 163 may
allow passage of the one or more guidewires 169.
[0055] Fig. 8A shows an embodiment of the present
invention with an expansible portion 175 at a distal tip
177 of a catheter apparatus 179. The expansible portion
175 may be a mesh or other similar configuration as de-
scribed above. The expansible portion 175 may be ex-
panded by retracting a retracting sheath 181 away from
the distal tip 177 of the catheter apparatus 179. The ex-
pansible portion 175 may be expanded into contact with
a wall of a vasculature. One or more hubs 185 at the
proximate end 187 of the catheter apparatus 179 may
allow passage of the one or more guidewires 189.
[0056] Fig. 8B shows a detail of the catheter apparatus
179. One or more guidewire lumens 183 may be formed
of extruded plastic or similar materials. The figures gen-
erally illustrate three guidewire lumens 183, but other
numbers and configurations may be desirable depending
on particular uses. The one or more guidewire lumens
183 may have shape-memory alloys or other similar ma-
terials integrated into, surrounding or within the structure
of the one or more guidewire lumens 183. Preferably, the
one or more guidewire lumens 183 may self-expand upon
retraction of the retraction sheath 181 such thatends 182
of the one or more guidewire lumens are spaced apart
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and approximately halfway between the center pointand
the inner surface of a vasculature. The one or more
guidewire lumens 183 may be configured to expand into
various predetermined positions and configurations de-
pending on particular applications. For example, Fig. 8B
shows atriangular configuration for the guidewire lumens
183. Other configurations are possible using three
guidewire lumens 183. Furthermore, different numbers
of guidewire lumens may be used in various configura-
tions.

[0057] Alternatively, the one or more guidewire lumens
183 may be coupled to an inner surface of the expansible
portion 175. The one or more guidewire lumens 183 may
be adhered or integrally molded to the inner surface of
the expansible portion 175.

[0058] Expansion of the expansible portion 175 may
cause the one or more guidewire lumens 183 to separate
via a self-expanding shape-memory material. Alterna-
tively, the one or more guidewire lumens 183 may not be
coupled to the expansible portion 175 but may instead
be positioned within the internal volume of the expansible
section 175 to allow probing of a fibrous cap. Additionally,
a self-expanding polymer may fill the expansible portion
175. Inan initial configuration the self-expanding polymer
may be in a compressed state. As the expansible portion
175 is released from the retracting sheath 181, the self-
expanding polymer may expand as well. The one or more
guidewire lumens 183 may be embedded in the self-ex-
panding polymer and may be moved into a desired po-
sition by the expansion of the self-expanding polymer.
The self-expanding polymer may expand by absorbing
moisture or blood from within the vasculature or through
other expansion mechanisms. The self-expanding poly-
mer may then be removed after a procedure.

[0059] Fig. 8C illustrates the operation of the catheter
apparatus 179 of Fig. 8A and Fig. 8B. Similar operational
procedures may be used for other embodiments de-
scribed herein. Step 1 of Fig. 8C shows the catheter ap-
paratus 179 in an initial state with a retractable outside
sheath 181 moved as far as possible distally from a
guidewire lumen tube 191. Steps 2 - 7 show incremental
stages of retraction of the retractable outside sheath 181.
As the retractable outside sheath 181 is retracted back
over the guidewire lumen tube 191, the expansible por-
tion 175 is incrementally exposed and allowed to expand.
As the expansible portion 175 expands the one or more
guidewire lumens 183 separate and are held in a desired
position by the shape-memory allow materials or by cou-
pling to the expansible portion 175. Step 7 shows the
expansible portion 175 in a fully deployed state. The end
view of Fig. 8C shows the one or more guidewire lumens
183 in the fully deployed state. Step 8 shows a guidewire
189 inserted through a guidewire lumen 183. Fig. 8D il-
lustrates the operation of the catheter apparatus 179 as
shown in Fig. 8C within a vasculature 184 with an occlu-
sion 186.

[0060] Fig. 9A shows an embodiment of the present
invention with one or more inflatable devices 193 sur-
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rounding one or more guidewire lumens 195 within an
expansible portion 197 of a catheter apparatus 199. The
expansible portion 197 may be a mesh or other similar
configuration as described above. The expansible por-
tion 197 may be expanded by retracting a retracting
sheath 201 away from a distal tip 203 of the catheter
apparatus 199. The expansible portion 197 may be ex-
panded into contact with a wall of a vasculature. The
expansible portion 197 may be omitted as shown in Fig.
9B.

[0061] The inflatable devices 193 may initially be in a
deflated condition during insertion and positioning of the
catheter. The inflatable devices 193 preferably are bal-
loons, but may be any other expansible type of device.
The balloons may surround the outer surface of the one
or more guidewire lumens 195. The balloons may be cy-
lindrical or other shapes to position the one or more
guidewire lumens 195 within the expansible portion 175.
The inflatable devices 193 may include one balloon for
each guidewire lumen 195 or one balloon may corre-
spond to several guidewire lumens 195. For example, a
single inflatable device 193 may be inflated to separate
all of the guidewire lumens 195. Alternatively, two sepa-
rate inflatable devices 193 may be used to separate three
or more guidewire lumens. The inflatable devices 193
may be bifurcated or trifurcated depending on the number
of guidewire lumens 195 and the particular application.
The expansible sheath 197 may assist in containing mul-
tiple, separate inflatable devices 193, but may not be
essential to the operation of the present invention.
[0062] One or more ports (not shown) may allow infla-
tion or one or more of the inflatable devices 193 depend-
ing on the number of separate inflatable devices 193. For
example, one port may be used to inflate one inflatable
device 193. Alternatively, if two or more separate inflat-
able devices 193 are present, then two or more ports
may be used to inflate and deflate the inflatable devices
193 serially or in parallel depending on a particular use
or condition. Different numbers and combinations of in-
flatable devices and ports may be possible. Inflation of
various combinations of inflatable devices 193 with var-
ious numbers and configurations of ports may allow for
probing of a fibrous cap. If ends of the one or more
guidewire lumens 195 or the inflatable devices 193 them-
selves are marked, a user may inflate specific inflatable
devices 193 but not others to more accurately interrogate
an occlusion. Each of the inflatable devices 193 may be
inflated into contact with the expanded expansible portion
197 to secure the position of the one or more guidewire
lumens 195. Guidewires (not shown) may then be passed
through the one or more guidewire lumens 195. The in-
flatable devices 193 may be deflated prior to withdrawing
the catheter apparatus 199.

[0063] As shown in Fig. 9B an embodiment of the
present invention may include the inflatable devices 193
without the expansible portion 197, as shown in Fig. 9A.
The inflatable devices 193 may be exposed by withdraw-
ing the retracting sheath 201. Particularly if the inflatable
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devices 193 are unitary, the expansible portion 197 may
not be needed. However, even if the inflatable devices
193 are separate the expansible portion 197 may be omit-
ted.

[0064] Step 1 of Fig. 9B shows the catheter apparatus
199 in an initial state with a retractable outside sheath
201 moved as far as possible distally from a guidewire
lumen tube 205. Steps 2 - 4 show incremental stages of
retraction of the retractable outside sheath 201 to expose
the one or more guidewire lumens 195 with correspond-
ing inflatable devices 193. Steps 5 - 6 show incremental
stages of inflation of the inflatable devices 193 into a final
position with a vasculature 209 with an occlusion 211.
Step 7 shows the catheter apparatus 199 in a fully de-
ployed state. Step 8 shows a guidewire 207 inserted
through a guidewire lumen 195.

[0065] Fig. 10 illustrates operation of a catheter appa-
ratus 213 that may include shape-memory materials in-
tegrated with the one or more guidewire lumens 217.
Preferably, the one or more guidewire lumens 217 may
be constructed out of extruded plastic or other similar
materials. Shape-memory or other expansible materials
may be integrated into, surround, be contained within or
reinforce the one or more guidewire lumens 217.
[0066] Step 1 of Fig. 10 shows the catheter apparatus
213 in an initial state with a retractable outside sheath
215 moved as far as possible distally from a guidewire
lumen tube 215. The one or more guidewire lumens 217
may be exposed by withdrawing the retracting sheath
215 from the distal end of a catheter apparatus 213 as
shown in Steps 2 - 6. The one or more guidewire lumens
217 may then assume a final spaced or relaxed config-
uration as shown in Step 7. The guidewire lumens may
move outward relative to one another a desired distance
and/or into contact with inner walls of a vasculature 219
with an occlusion 221. A guidewire 223 may then be
threaded through the one or more guidewire lumens 217
as shown in Step 8. After completion of a procedure, the
retracting sheath 215 may be advanced towards the dis-
tal end of the catheter apparatus to compress the one or
more guidewire lumens 217 into a compact arrangement
for removal from the vasculature 219. Alternatively, the
one or more guidewire lumens 217 may be withdrawn
into the distal end of the retracting sheath 215 before
removal from the vasculature 219.

[0067] Fig. 11 illustrates operation of a catheter appa-
ratus 225 with expansible devices 227 surrounding one
or more guidewire lumens 229. Preferably, the expansi-
ble devices 227 are sponges or other materials that ex-
pand within the vasculature without input from a user.
Each guidewire lumen 229 may have a separate expan-
sible device 227 or multiple guidewire lumens may be
incorporated into one expansible device 227.

[0068] Step 1 of Fig. 11 shows the catheter apparatus
225 in an initial state with a retractable outside sheath
231 moved as far as possible distally from a guidewire
lumen tube 233. The one or more guidewire lumens 229
may be exposed by withdrawing the retracting sheath
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231 from the distal end of a catheter apparatus 225 as
shown in Steps 2 - 6. As the retracting sheath 231 is
withdrawn from the expansible devices 227, the expan-
sible devices 227 begin to expand. If the expansible de-
vices 227 are sponges, the expansible devices 227 may
absorb moisture from the vasculature to increase in vol-
ume. The one or more guidewire lumens 229 may then
assume afinal expanded configuration as shown in Step
7. The guidewire lumens 229 embedded with the expan-
sible devices 227 may move outward relative to one an-
other a desired distance and/or into contact with inner
walls of a vasculature 233 with an occlusion 235. A
guidewire 237 may then be threaded through the one or
more guidewire lumens 229 as shown in Step 8. After
completion of a procedure, the retracting sheath 231 may
be advanced towards the distal end of the catheter ap-
paratus 225 to compress the one or more guidewire lu-
mens 229 into a compact arrangement for removal from
the vasculature 233. Alternatively, the one or more
guidewire lumens 229 may be withdrawn into the distal
end of the retracting sheath 231 before removal from the
vasculature 233. Movement of the retracting sheath 231
may compress the expansible devices 227 into a position
suitable for removal from the vasculature 233. If the ex-
pansible devices 227 are sponges, the compression may
force moisture out of the sponges.

[0069] Generally, after crossing a chronic total occlu-
sion with a guidewire, the catheter apparatus may be
resheathed and removed from the vasculature. The
guidewire may be left in position.

[0070] One or more guidewires preferably remainin or
near the longitudinal axis of the corresponding support
catheter lumen. This positioning of the one or more
guidewires may optimize the force of the one or more
guidewires when engaged with the fibrous cap of the
chronic total occlusion. Multiple eccentrically located
guidewire lumens may improve the chance of success
in passing one or more guidewires through a chronic total
occlusion. The mass of the multi-lumen support catheter
may provide additional support for the guidewire and pre-
vents off-axis, i.e., lateral, displacement of portions of the
one or more guidewires located in the guide catheter and
in the vasculature. Eccentric distribution of the one or
more guidewire lumens may allow engagement of mul-
tiple, eccentric sections of the fibrous cap. Embodiments
of the present invention may permit simultaneous place-
ment of multiple guidewires. Multiple guidewires may en-
hance available techniques such as "parallel guidewire"
and "see-saw" wire.

[0071] Fig. 12A shows a catheter apparatus 241 with
guidewire lumens 243, 245, 247 passing through loops
249, 251, 253, 255, 257, 259. The number and configu-
ration of the loops or guidewire lumens 243, 245, 247
may be variable. Alternative numbers and configurations
are possible. Guidewire lumens 243, 245, 247 may be
guided into a predetermined position during expansion
of an expansible support structure 261 by threading the
guidewire lumens 243, 245, 247 through the inwardly pro-
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jecting loops 249, 251, 253, 255, 257, 259. Loops 249,
251,253, 255,257,259 may be coupled to the expansible
support structure 261. Figs. 12A - 12C illustrate an em-
bodiment of the present invention where each guidewire
lumen 243, 245, 247 may pass through two loops 249,
251, 253, 255, 257, 259. Alternative embodiments may
only use one loop for each guidewire lumen. Still other
alternative embodiments may use three or more loops
for each guidewire lumen. The operation of the loops and
guidewire lumens in Figs. 12A - 12C are illustrative of
the alternative embodiments. The guidewire lumens 243,
245, 247 are guided into position by passing through the
loops 249, 251, 253, 255, 257, 259. The expansible sup-
port structure 261 may be coupled to a main multi-lumen
shaft 263 by any conventional means such as adhesive,
welding, etc. In the current embodiment of the invention,
three guidewire lumens 243, 245, 247 are shown, but
other numbers and configurations of lumens may be pro-
vided. A sheath 265 may hold the expansible support
structure 261 in a compressed state prior to deployment
of the expansible support structure 261.

[0072] Fig. 12B shows a flat projection of the expansi-
ble support structure 261 with loops 249, 251, 253, 255,
257, 259. Figs. 12A - 12C show a five closed-cell config-
uration. Embodiments of the present invention may in-
clude different quantities of closed-cells depending on
desired applications. Fig. 12B shows a first closed cell
265, a first connector region 267, a second closed cell
269, a second connector region 271, a third closed cell
273, a third connector region 275, a fourth closed cell
277, afourth connector region 279, and a fifth closed cell
281. In Fig. 12B, the first closed cell 265 may be at a
distal end of the catheter apparatus 241 and the firth
closed cell 281 may located towards a proximal end of
the catheter apparatus 241. In each closed cell, struts
283 may form a zigzag pattern to support the catheter
apparatus 241. Connectors 285 residing in the first con-
nector region 267 may connect the first closed cell 265
to the second closed cell 269 by linking strut intersections
287 on the first closed cell 267 with strut intersections
289 on the second closed cell 271. Connectors 285 may
be thinner than struts 283 and the angular relationship
between struts 283 and connectors 285 may change dur-
ing expansion and compression of the expansible sup-
port structure 261. Similar structures and interactions
may be found in and between the remaining closed cells.
[0073] Loops 249, 251, 253, 255, 257, 259 may be
located at strut intersections 291. Loops 249, 251, 253,
255, 257, 259 may be coupled to the strut intersections
291 by loop supports 293. Loop supports 293 may be
tapered to reduce stress on the apparatus. Struts 283
may also be tapered to reduce stress on the apparatus.
The loop supports 293 may be positioned at other loca-
tions along the struts 283 or connectors 285 if desired.
Loops 249, 251, 253, 255, 257, 259 and inner shape
cutouts may be circular, oval, oblong or any additional
shapes to allow the guidewire lumens 243, 245, 247 to
slide within the loops 249, 251, 253, 255, 257, 259.
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Shapes other than circles may be beneficial when the
loops 249, 251, 253, 255, 257, 259 lie at an angle other
than perpendicular to the cylindrical plane of the expan-
sible support structure 261. Loops 249, 251, 253, 255,
257, 259 may be shaped to correspond to guidewire lu-
mens 243, 245, 247 and allow the guidewire lumens 243,
245, 247 to slide through the loop openings.

[0074] Each guidewire lumen 243, 245, 247 may pass
through two loops in the embodiment of Figs. 12A - 12C.
For example, guidewire lumen 243 may pass through
loops 249 and 251, guidewire lumen 245 may pass
through loops 253 and 255, and guidewire lumen 247
may pass through loops 257 and 259. Passing the
guidewire lumens 243, 245, 247 through the loops 249,
251, 253, 255, 257, 259 may position the guidewire lu-
mens 243, 245, 247 in a desired position within the ex-
pansible support structure 261. As indicated above, other
numbers and configurations of loops are possible.
[0075] To prevent twisting and damage to the
guidewire lumens 243,245, 247, the loops 249, 251, 253,
255, 257, 259 for each guidewire lumen are preferably
located on every other closed cell. As shown in Fig. 12B,
the loops 249, 251, 253, 255, 257, 259 are located on
the first closed cell 265 and the third closed cell 273. The
loops 249, 251, 253, 255, 257, 259 may also be located
on, forexample, the second closed cell 269 and the fourth
closed cell 277. If additional loops are present, then the
loops may be located on closed cells separated by one
closed cell. This alternating structure may prevent twist-
ing during expansion and compression of the expansible
support structure 261 that may damage or misalign the
guidewire lumens 243, 245, 247. Preferably, no loops
249, 251, 253, 255, 257, 259 may be located on the fifth
or proximal closed cell 281. The fifth closed cell 281 may
be adhered to the main tri-lumen shaft 263. Thus, the
fifth closed cell 281 may not fully expand during expan-
sion of the expansible support structure 261 and may not
be appropriate for holding loops 249, 251, 253, 255, 257,
259. Similarly, the fourth closed cell 277 may not fully
expand and may also not be suitable for holding loops.
[0076] The expansible support structure 261, the
guidewire lumens 243, 245, 247, and the loops 249, 251,
253,255, 257, 259 may initially be in a compressed state
within a sheath 265 as described in previous embodi-
ments. The sheath 265 may hold the expansible support
structure 261 in acompressed state. The sheath 265may
include a radiopague marker at a distal end of the sheath
265 or another known location along the sheath 265. The
radiopaque marker may provide an indication of how
much of the expansible support structure 261 is covered
by the sheath 265. This may allow for partial withdrawal
of the sheath 265.

[0077] The expansible support structure 261 may be
made of Nitinol or another shape-memory material. The
loop connectors 293 may also be made of Nitinol or an-
other shape-memory material. The loop connectors 293
may be set to project inwardly from the cylindrical plane
of the expansible support structure 261 at a given angle.
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The angle may be any angle, but is preferably approxi-
mately 30 degrees inward from the cylindrical plane. The
angle or the length of the loop connectors 293 or both
may be varied to create various positions of the guidewire
lumens 243, 245, 247 within the expansible support
structure 261. The loops 249, 251 corresponding to a
guidewire lumen 243 may project in opposite directions,
for example, loop 249 may project in a distal direction
and loop 251 may project in a proximal direction.
[0078] When the sheath 265 is withdrawn from around
the expansible supportstructure 261, the expansible sup-
port structure 261 may expand to an expanded state.
The sheath 265 may be partially or completely withdrawn
from the expansible support structure 261. During ex-
pansion of the expansible support structure 261, the
loops 249, 251, 253, 255, 257, 259 may project inward
from the cylindrical plane of the expansible support struc-
ture 261 to hold the guidewire lumens 243, 245, 247 in
a predetermined position within the expansible support
structure 261. The guidewire lumens 243, 245, 247 may
remain within the loops 249, 251, 253, 255, 257, 259
during expansion and compression of the expansible
support structure 261. Also during expansion, the angle
of the connectors 285 relative to the closed cells may
change. Placing the loops 249, 251, 253, 255, 257, 259
on closed cells separated by one closed cell may keep
the guidewire lumens 243, 245, 247 from twisting. As the
expansible support structure 261 expands, the guidewire
lumens 243, 245, 247 may diverge into predetermined
positions. The expanded catheter apparatus 241 may
not block the vasculature.

[0079] Uponcompletionofaprocedure,the expansible
support structure 261 may be compressed and with-
drawn from the vasculature. The sheath 265 may be slid
distally over the expansible support structure 261. Pref-
erably, no parts of the catheter apparatus 241 extend
outside of the cylindrical plane of the compressed expan-
sible support structure 261 in the compressed state to
facilitate withdrawal of the catheter apparatus 241.
[0080] Fig. 13 shows another loop embodiment of an
expansible structure 295. In contrast to the loop embod-
iment 241 of Figs. 12A - 12C, the loop embodiment of
the expansible structure 295 of Fig. 13 may have loops
297, 299, 301, 303, 305, 307 attached on any of closed
cell 309, 311, 313, 315. The operation of the apparatus
of the loop embodiment of the expansible structure 295
is similar to the operation of the loop embodiment 241 of
Figs. 12A - 12C.

[0081] To prevent twisting and damage to guidewire
lumens 243, 245, 247, connecting members 317 may
couple connection points 319 of struts 321 on a closed
cell, such as 309, to connection points 323 of struts 321
on an adjacent closed cell, such as 311. The connection
points 319, 323 are preferably both distal or both proximal
relative to the distal end of the catheter apparatus 295.
The number and configuration of the connecting mem-
bers 317 may be variable. The connecting members 317
may have an upward bend 325 and a downward bend
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327. The bends 325, 327 prevent twisting and damage
to the guidewire lumens 243, 245, 247 during expansion
and contraction of the expansible structure 295. During
expansion and contraction of the expansible structure
295, the upward bend 325 and the downward bend 327
cancel and lateral movement of the loops 297, 299, 301,
303, 305, 307.

[0082] The connecting members 317 of the expansible
structure 295 may allow loops on each closed cell 309,
311, 313, 315. Loops 297, 299, 301, 303, 305, 307 do
not need to be on every other closed cell 309, 311, 313,
315. The embodiment of Fig. 13 may provide for flexibility
of the expansible structure 295 and may facilitate expan-
sion and contraction during deployment and removal.
[0083] Although the foregoing description is directed
to the preferred embodiments of the invention, it is noted
that other variations and modifications will be apparent
to those sliilled in the art, and may be made without de-
parting from the spirit or scope of the invention. Moreover,
features described in connection with one embodiment
of the invention may be used in conjunction with other
embodiments, even if not explicitly stated above.
[0084] Particular embodiments of the invention are de-
scribed further in the following clauses:

1. A catheter apparatus comprising:

a flexible shaft,
guidewire lumens
through the shaft, and
a positioning means for positioning distal ends
of the guidewire lumens relative to an inner wall
of an external lumen.

passing longitudinally

2. The apparatus of clause 1, further comprising a
retractable sheath surrounding the guidewire lu-
mens.

3. The apparatus of clause 2, wherein the retractable
sheath is coupled to at a proximal end of the retract-
able sheath to a guidewire.

4. The apparatus of clause 2, wherein the retractable
sheath surrounds the guidewire lumens over a total
length of the guidewire lumens within the external
lumen.

5. The apparatus of clause 2, further comprising a
manipulating means coupled to the retractable

sheath for manipulating the retractable sheath.

6. The apparatus of clause 2, further comprising one
or more markers on the retractable sheath.

7. The apparatus of clause 1, wherein the positioning
means is an expansible scaffold.

8. The apparatus of clause 7, wherein the guidewire
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lumens are coupled to the expansible scaffold.

9. The apparatus of clause 1, wherein the positioning
means is one or more sponges.

10. The apparatus of clause 9, wherein the guidewire
lumens are embedded in the one or more sponges.

11. The apparatus of clause 1, wherein the position-
ing means is ashape-memory means integrated with
the guidewire lumens.

12. The apparatus of clause 1, wherein the position-
ing means is a deflectable tip on one or more
guidewires passing through the one or more
guidewire lumens.

13. The apparatus of clause 1, wherein the position-
ing means is one or more balloons.

14. The apparatus of clause 13, wherein the one or
more balloons are inflated through an inflation port
running longitudinally in the shaft.

15. The apparatus of clause 13, wherein the one or
more balloons is a balloon with a substantially planar
distal surface.

16. The apparatus of clause 15, wherein the
guidewire lumens are extruded through the distal
surface of the balloon.

17. The apparatus of clause 13, wherein the one or
more balloons surround distalends of the guidewire
lumens.

18. The apparatus of clause 1, wherein the position-
ing means is arotatable corewithin the shaft. lumens.

19. The apparatus of clause 1, wherein the shaft is
coated with a hydrophilic material.

20. The apparatus of clause 1, wherein the guidewire
lumens are adapted to be positioned eccentrically
relative to an inner wall of an external lumen.

21. A catheter apparatus comprising:

a shaft,

guidewire lumens
through the shaft, and
an expansible distal portion of the shaft.

passing longitudinally

22. The apparatus of clause 21, further comprising
a retractable sheath covering the expansible distal
portion of the shaft.

23. The apparatus of clause 22, wherein retracting
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the retractable sheath from the expansible distal por-
tion of the shaft activates the expansible distal por-
tion of the shaft causing expansion of the expansible
distal portion of the shaft.

24. The apparatus of clause 21, further comprising
an end cap on the distal end of the expansible distal
portion of the shaft.

25. The apparatus of clause 24, wherein the
guidewire lumens are embedded in the end cap.

26. The apparatus of clause 21, further comprising
anexpansible plastic within the expansible distal por-
tion of the shaft.

27. The apparatus of clause 21, wherein the expan-
sible distal portion of the shaft is a metal mesh.

28. The apparatus of clause 21, further comprising
a rotatable inner core within theshaft and wherein
the guidewire lumens are within the rotatable inner
core.

29. The apparatus of clause 21, further comprising
guidewires in the guidewire

30. The apparatus of clause 29, further comprising
a deflectable tip at the distal end of the guidewires.

31. The apparatus of clause 30, wherein the deflecta-
ble tip is rotatable with a rotator near a proximal end
of the shaft.

32. A catheter apparatus comprising:

a shaft,
guidewire lumens passing longitudinally
through the shaft,

one or more balloons coupled to a distal end of
the shaft, and

one or more inflation port passing through the
shaft and connecting the one or more balloons
to a proximate end of the shaft.

33. The apparatus of clause 32, wherein the one or
more balloons is a single longitudinal balloon.

34. The apparatus of clause 32, wherein the one or
more balloons is two or more longitudinal balloons
disposed around the circumference of the shaft.

35. The apparatus of clause 32, wherein the one or
more balloons is a single balloon with a distal sur-
face.

36. The apparatus of clause 35, wherein the
guidewire lumens are extruded through the balloon
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material.

37. The apparatus of clause 32, further comprising
a rotatable inner core within the shaft and wherein
the one or more guidewire lumens are within the ro-
tatable inner core.

38. The apparatus of clause 32, further comprising
a deflectable tip at the distal end of the shaft.

39. A catheter apparatus comprising:

a multi-lumen main shaft;

one or more guidewire lumens extending from
adistal end of the multi-lumen shaft with lumens
within the one or more guidewire lumens con-
tiguous with at least one of the multi-lumens of
the multi-lumen main shaft;

an expansible support structure coupled to the
distal end of the multi-lumen shaft;

one or more loops corresponding to each of the
one or more guidewire lumens, wherein the one
or more loops corresponding to each of the one
or more guidewire lumens are coupled to the
expansible support structure, and wherein the
one or more loops corresponding to each of the
one or more guidewire lumens project inward
from the plane of the expansible support struc-
ture; and

wherein the one or more guidewire lumens are
threaded through the corresponding one or
more loops.

40. The apparatus of clause 39, wherein the one or
more loops are coupled to the expansible support
structure by loop connections.

41. The apparatus of clause 39, further comprising
a sheath surrounding the expansible support struc-
ture when the expansible support structure is in a
compressed state.

42. The apparatus of clause 41, wherein the sheath
may be withdrawn from around the expansible sup-
port structure to expand the expansible support
structure.

43. The apparatus of clause 42, wherein the sheath
may be advanced around the expansible support
structure to compress the expansible support struc-
ture.

44. The apparatus of clause 39, wherein the expan-
sible support structure comprises closed cells.

45. The apparatus of clause 44, wherein the one or
more loops are located on closed cells separated by
one closed cell.
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46. The apparatus of clause 44, wherein the proximal
closed cell is coupled to the multi-lumen main shaft.

47. The apparatus of clause 44, wherein the closed
cells comprise zigzag struts.

48. The apparatus of clause 47, further comprising
connectors between the struts of a closed cell and
the struts of a neighboring closed cell.

Claims

1.

10.

A catheter apparatus for advancing a guidewire
through a chronic total occlusion in a vasculature
comprising:

shaft 11 having a distal portion 13;

an removable, expansible scaffold structure 27
coupled to the distal portion 13 of shaft 11; and
asingle, centrally located lumen 47 passing cen-
trally through shaft 11 and through the expansi-
ble scaffold structure 27 and configured to pass
over a guidewire.

The catheter apparatus of claim 1, wherein the ex-
pansible scaffold structure 27 comprises a skin 33.

The catheter apparatus of claim 2, wherein the skin
comprises an expansible substance, nitinol or stain-
less steel.

The catheter apparatus of claim 1, whereinthe lumen
47 is a deflectable lumen.

The catheter apparatus of claims 1 or 4, wherein the
lumen 47 has tip 43.

The catheter apparatus of claim 5, wherein the tip
43 is a deflectable tip.

The catheter apparatus of claims 5 or 6, wherein the
tip 43 is rotatable or movable.

The catheter apparatus of claim 1 further comprising
a retractable sheath 19 configured for passing over
the shaft and covering the expansible scaffold struc-
ture 27.

The catheter apparatus of claim 8, wherein retracting
the retractable sheath 19 activates the expansible
scaffold structure 27 causing expansion of the ex-
pansible scaffold structure 27.

The apparatus of claim 9, wherein advancing the re-
tracted retractable sheath 19 causes contraction of
the expansible scaffold structure 27.
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1.

12.

13.

14.

15.

26

The catheter apparatus of claim 9, wherein the lumen
is configured to be advanced through one or more
planes.

The apparatus of claim 9, wherein the lumen is con-
figured to be advanced through a centrally located
plane.

The apparatus of claim 1, wherein the expansible
support structure 27 comprises an expansible sub-
stance, nitinol or stainless steel.

The apparatus of claim 1, wherein the expansible
support structure 27 comprises a shape-memory
material integrated with the lumen 47.

The catheter apparatus of any of the preceding
claims further comprising a guidewire passing
through lumen 47.
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