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GUIDEWIRE SUPPORT CATHETER

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority to U.S. Provisional Patent Applications:

61/173,542 (filed April 28, 2009), titled "Guidewire Support Catheter;" and 61/233,093 (filed

August 11, 2009), also titled "Guidewire Support Catheter." The disclosures of these

applications are incorporated herein by reference in their entirety.

[0002] This application may be related to US Patent Application Serial No. 12/1 08433, titled

"Catheter System and Method for Boring through Blocked Vascular Passages," filed April 23,

2008, and U.S. Patent Application Serial No. 12/272697, titled "Dual-tip Catheter System for

Boring through Blocked Vascular Passages," and filed November 17, 2008. Both of these

applications are herein incorporated by reference in their entirety.

INCORPORATION BY REFERENCE

[0003] All publications and patent applications mentioned in this specification are herein

incorporated by reference in their entirety to the same extent as if each individual publication or

patent application was specifically and individually indicated to be incorporated by reference.

FIELD OF THE INVENTION

[0004] Described herein are guidewire placement and support catheters that may be used to

place a guidewire within an occluded lumen. In particular, described herein are guidewire

placement and support catheters having a rotating, cutting and/or bending distal end region that

may be used to position a guidewire through an occluded lumen of a vessel, including for

treatment of chronic total occlusions.

BACKGROUND OF THE INVENTION

[0005] Guidewire placement is a critical step in many medical procedures, particularly in

minimally invasive procedures and treatment of vascular diseases. For example, a number of

vascular diseases, such as coronary artery disease and peripheral vascular disease, are caused by

the build-up of fatty atherosclerotic deposits (plaque) in the arteries, which limit blood flow to

the tissues that are supplied by that particular artery. Disorders caused by occluded body vessels,

including coronary artery disease (CAD) and peripheral artery disease (PAD) may be debilitating

and life-threatening. Chronic Total Occlusion (CTO) can result in limb gangrene, requiring

amputation, and may lead to other complications and eventually death. Increasingly, treatment

of such blockages may include angioplasty or atherectomy procedures in which a guidewire,



often via a catheter, is inserted into the diseased artery and threaded to the blocked region. There

the blockage may be either squeezed into a more open position, for example, by pressure from an

inflated catheter balloon (e.g., balloon angioplasty), and/or the blocked region may be held open

by a stent. Alternatively a physician may use a catheter to surgically remove the plaque from the

inside of the artery (e.g., an atherectomy).

[0006] Thus, placement of a guidewire completely or partially across the occlusion is often a

critical, though difficult step. Devices and method for guidewire placement are expensive,

complex, and all too often ineffective. A guidewire must typically be forced across or through

the occlusion so that the treatment catheter may be positioned to treat the occluding plaque. The

guidewire must be positioned across the plaque because the active (e.g., plaque removing or

displacing) portions of most currently available catheters are usually located on the sides of the

catheters. For example, stents, balloons, atherectomy cutting tools, and other active portions are

usually mounted on the sides of the catheter.

[0007] However, when the artery is totally blocked by plaque, it is extremely difficult, and

potentially dangerous to force the guidewire through the occlusion. An obstruction or plaque

may be composed of relatively tough fibrous material, often including hard calcium deposits.

Forcing a guidewire or catheter past such obstructions may cause the guidewire to exit the lumen

of the vessel (e.g., artery), including causing it to enter the layers forming the artery, further

damaging the tissue.

[0008] Currently available devices and methods for crossing occlusions are inadequate. For

example, patents such as U.S. 5,556,405 to Lary, U.S. 6,152,938 to Curry, and U.S. 6,730,063 to

Delaney et. al. describe devices and methods for passing an occlusion that do not adequately

allow placement of a guidewire across a plaque. U.S. 5,556,405 teaches an incisor catheter

having blades that can protrude from the catheter to push outward and form linear cuts in the

plaque. Control of this device is mostly limited to extending/retracting the blades, and the

cutting edges may damage the tissue, particularly if the blades contact the edges of the vessel;

potentially exiting the lumen of the vessel. U.S. 6,152,938 describes a catheter drilling device

for opening a wide variety of different blocked (occluded) tubes. The device anchors the tip of

the drill head against a face of the occlusion, and partially rotates the drill head using a rein

attached to the drill head so that the drill head faces at an angle. The blades of the drill are only

controlled in rotation and may cut even non-target tissue, also leading the tip to exit and/or

damage the vessel. As one alternative, U.S. 6,730,063 teaches a catheter device that can

chemically treat calcified vascular occlusions by delivering acidic solutions and other fluids to

calcified plaque to chemically dissolving the calcified material. As in the other known methods,

this chemical treatment may be difficult to control, and in particular may be difficult to prevent



damage to the vessel. Commercially available devices for treating occluded vessels include

those marketed by Cordis Corporation, FlowCardia Technology, Kensey Nash Corporation, and

other companies. These devices suffer from the same inadequacies as described above, and have

also proven to have only limited success. The best reported success rates of overcoming CTOs

with prior art devices range from 56% to 75%.

[0009] In addition, many of the devices and methods for crossing an occlusion described

above may still require manually forcing the guidewire through the occlusion with only minimal

(or no) assistance from the devices. Finally, many of these devices may inadvertently exit the

vessel, but few, if any of them, are readily re-positionable to reenter the vessel.

[00010] A large family of patents and pending application including US 6,001,1 12, US

6,454,779, US 6,206,989, US 7,479,147, US 6,451,036, US 6,482,217, US 7,172,610, US

7,235,088 and US 6,666,874 ("Taylor patents") describe a rotatable cutter that is configured for

atherectomy cutting. These devices typically include an inner rotating member (that may extend

from a fixed housing at the distal end of the device). The device may be guided by a guidewire,

and may include a vacuum source to remove cut material. However, these devices are not

adapted to self-center. In addition, these blades are typically side-cutting, meaning that the

cutting typically occurs at the sides, where the rotating blade may interact with a (typically fixed)

complementary surface, cutting the tissue between the surfaces. Further, the distal rotating

cutting head is smaller than the diameter of the rest of the elongate distal portion of the device.

[00011] Thus, there remains a need for guidewire positioning devices that can effectively

traverse occluded vessels, and particularly chronically occluded vessels. Such devices would

enable positioning of a guidewire and therefore enable positioning of stents and other devices to

be more successfully used in high occlusion situations, leading to improved patient outcomes and

a reduction in patient morbidity and mortality.

SUMMARY OF THE INVENTION

[00012] Described herein are guidewire positioning and support devices, method for using

them, method of treating a subject using them, and systems including such guidewire positioning

and support devices.

[00013] These devices typically include an active distal tip region that is rotatable and may

include one or more wedges that may be extended from the rotatable distal tip. In some

variations the distal end of the device may be steerable, and may be steered while still rotating

the distal end of the device. The wedges may be fully or partially retracted into distal housing.

Both the distal housing and the wedges may rotate. The wedges (which may be sharp blades or

may be blunt) can be continuously extended from the distal housing and locked in any position



(extended, partially extended or retracted) and rotated clockwise and/or counterclockwise while

locked in a retracted, extended or partially extended position. The distal region of the device

may also be controllable steered from the proximal end of the device. For example, the distal

region of the device may be deflected. The bending distal region may be located immediately

proximal to the rotatable distal tip. The device is typically elongate, and includes at least one

lumen extending along the length (e.g., a central lumen) through which a guidewire may be

passed. The lumen (or a separate lumen) may also be used to pass a material such as a contrast

dye, saline, an imaging device, etc. The proximal end of the device typically includes a handle

region that may be used to control the distal end. For example, the device may include a rotation

control, a wedge extension control and/or a steering control. In some variations these controls

may be combined into one or more controls or these functions may be distributed or divided

between different controls. Any appropriate control may be used, including slides, knobs, dials,

buttons, levers, switches, etc. In some variations the controls may be automated or computer-

controlled. In some variations a driver (e.g., motor, mechanical driver, etc.) may be used to drive

the controls. For example, rotation of the distal tip region may be driven by a motor, and may be

geared or otherwise controlled. The rotation may be manually or automatically controlled.

[00014] In some variations, described in greater detail below, rather than an extendable wedge

(or wedges) and a housing, the rotatable distal tip may a single integrated wedge having a

protective surface that prevents cutting of tissue when rotated in a reverse direction, while

allowing cutting of tissue when rotating in the reverse direction.

[00015] The wedges at the distal end may be referred to as a blade or blades, even though they

may be substantially blunt. In some variations the wedges are configured so that they are

forward-cutting, but not side-cutting. This means that they may include a forward-facing cutting

edge, and the more lateral edges may be blunted or less sharp. In some variations the rotating

distal tip includes only a single wedge, rather than multiple wedges. The wedge (blade) may be

helically arranged at the distal tip. In many variations (including those illustrated below), the

rotating distal tip including the wedge(s) had a diameter that is equal to (or greater than) the

diameter of the rest of the elongate body (including the regions more proximal to the distal end

of the device.

[00016] In some variations, the rotating distal end comprises three or more wedges that are

radially separated around the tip region (e.g., spaced equally apart radially). It may be

advantageous to have three or more wedges spaced around the tip, which may improve centering

of the device, as described herein.

[00017] In operation, many of the devices described herein are self-centering within the lumen

of the vessel. The self-centering property of the device arises from the configuration of the distal



tip as well as the rotational properties of the device. In particular, as mentioned, the wedges may

be blunt, or laterally blunt (having only a forward-cutting face). Further, both the wedges at the

rotating distal portion and the housing into which the wedges may be extended or retracted may

rotate. Finally, the diameter of the rotating distal end (including the wedges) may be at least

equal to the diameter of the more proximal regions of the elongate body of the device which may

also allow self-centering within the lumen of a vessel.

[00018] In general, the guidewire positioning and support catheter devices described herein

may be referred to as "guidewire support catheters," "guidewire positioning catheters,"

"guidewire steering catheters," "steerable rotating wedge" catheters, or the like. For simplicity,

these guidewire positioning and support catheters may be referred to as merely "the devices" or

"the catheter devices".

[00019] The guidewire positioning and support devices described herein may be configured as

single-use, over-the-wire device, devices. For example, the device may be compatible other

guidewires of standard sizes used in minimally invasive procedures. The outer diameter of the

elongate device (including the distal end region) may fit within a 7F sheath. The devices may be

used with any appropriate guidewire, including steerable guidewires. For example, the

guidewire may be a 0.035" guidewire. These devices may generally be described as "steering" a

guidewire, although they may be used with a guidewire within the catheter, or the guidewire may

be positioned within the device after the catheter has been positioned.

[00020] In general, these devices provide support and guidance for positioning a guidewire

across an occlusion. As described herein, the devices may support probing and exchange of an

assortment of guidewires, by traversing an occluding in a vessel. In addition, the devices

described herein may be used to deliver contrast. The internal lumen which may be used by the

guidewire may also be used for local dye injections without removing the device from the vessel.

[00021] As described in greater detail below, in operation the steerable (deflecting) distal end

and the rotating distal tip allow the device to be passed through an occlusion such as a plaque

occluding a blood vessel (or artery) without requiring removal of the plaque. Thus, the device

may be used to bluntly form a pathway through a plaque using the retractable/extendable rotating

wedges at the distal tip, or simply using the rotating distal tip alone. The exposable wedge(s) at

the distal tip may also allow for helical AND blunt microdissection, hi some variations, the

wedges at the distal tip are sharp (e.g., cutting or knife-edged), while in other variations the

wedges are substantially blunt. The wedges are typically curved around or along the longitudinal

axis of the distal tip. For example, a wedge may extend helically around the distal tip end of the

device (when extended).



[00022] In variations in which the rotatable distal tip includes one or more separate wedge and

housing, the extension of the wedge from the distal housing may be limited. For example, the

wedges may be prevented from extending fully out of the distal housing, thereby preventing

material (such as a plaque or tissue) from getting caught between the wedges and the housing.

[00023] The steerable distal end region may be steerable in any appropriate manner. In

particular, the distal end region may be steerable by defecting in one direction (e.g., 'down') or

in more than one direction (e.g., down/up, right/left, etc.). The degree of deflection may also be

controlled. In some variations, the tip may be deflected a maximum of 10 degrees, 15 degrees,

20 degrees, 25 degrees, 30 degrees, 45 degrees, 60 degrees, 90 degrees, or any angle there

between. In some variations the distal end region of the device is pre-biased to be straight.

Therefore the straight configuration of the distal tip may be restored once the deflection

(controlled at the proximal end) is restored. In addition to be deflectable, in some variations the

distal end of the device is flexible. The end region may include the tip (e.g., the rotating tip) or it

may include the region immediately proximal to the tip. hi general the "tip region" refers to the

rotatable tip region at the distal end.

[00024] Deflection or steering of the distal end may help with re-entry of the device. For

example, the deflectable/steerable distal end region (which may be referred to as the "steerable

tip") may allow the catheter to re-enter the true lumen of the vessel if it becomes subintimal (e.g.,

if it extends into the fascia or region around the vessel).

[00025] In some variations, the device may include a distal end that has exposable bilateral

wedges within a bullet-shaped housing, a catheter shaft, and a proximal handle that allows

manipulation of the distal end of the device (e.g., rotation, steering, etc.) and may also provide a

channel for flushing of the catheter lumen, hi this variation (and other variations) both the distal

tip and bilateral wedges are visible through fluoroscopy, and the catheter can be delivered

over-the-wire through a 7F introducer sheath. The device also facilitates the delivery and

exchange of guidewires and other therapeutic devices, such as stents, angioplasty balloons, or

atherectomy catheters. It may also be used to deliver saline or contrast.

[00026] The proximal handle may act as an interface with the operator, and allows a physician

to expose or retract the wedges as needed. This part of the device may include four main

components: a rotator, a pin, a slider, and a luer. The operator can use the slider and rotator to

manipulate the pin, which in turn controls whether the wedges are exposed or retracted. The pin

acts as a locking mechanism to control the deployment of the wedges. At the end of the handle,

the luer allows for flushing of the catheter with saline prior to use and serves as a portal to

deliver contrast or saline to a desired area. The catheter shaft provides pushability and torque to

the bilateral wedges, and serves to center the device towards the middle of a CTO. The distal tip



contains the bilateral wedges within a bullet-shaped housing (Figure 4). The housing with the

wedges either retracted or exposed and rotating in a counter-clockwise direction can deliver blunt

microdissection with more force than a guidewire. With the wedges deployed, and rotating in a

clockwise motion, the spinning action creates helical microdissection planes to pull the catheter

through the CTO lesion.

[00027] Any of the devices describe herein may include one or more of the following features,

including: a steerable distal end region, a relatively short length, an elongate torque (drive) shaft)

for rotating the distal tip, and reversible and retractable wedges having limited extension. The

steerable distal end region is designed for and allows luminal re-entry. For example, the may be

adjustable up to a 45° angle and can help orient the device.

[00028] The devices described herein may be any appropriate length, but relatively short

length catheters may be particularly useful. For example, the device may be approximately 100

cm, allowing the device to reach any occlusion down to the popliteal and ease physician handling

outside the body. In other variations, the device is between about 50 and 150 cm, between about

70 and 120 cm, etc.

[00029] The distal tip may be driven by an elongate drive short (or "torque shaft") that

extends the length of the device. This drive shaft is typically robust, allowing increased torque

precision and manipulation during the operation. Examples of this torque shaft are provided

herein. F or example, the torque shaft may be made of a braided stainless steel material having a

hollow lumen (forming the central lumen of the device). Rotation of the drive shaft typically

drives the distal tip rotation. The drive shaft is typically flexible and connects to the rotational

control at the proximal end (e.g., handle).

[00030] The extendable/retractable wedges (including the wedge element as well as the

housing into which the wedges may be retracted) may include one or more features which act as

safety features. For example, the (typically helical) wedges may be configured to disengage

more readily if needed during operation of the device. The distal tip, including the wedges and

housing, may rotate both clockwise and counterclockwise. In addition the wedges may be

extended or retracted independently of the rotation. Thus, the distal end may be rotated with the

wedges locked in any desired extended or retracted position. In addition the extension of the

wedges may be limited to maximum extension that prevents the formation of a gap or space

between the housing and the wedges between which material may be trapped. For example, the

wedges may be prevented from further extension by a lock or pin that prevents the wedges from

fully extending out of the housing.

[00031] The handle region at the proximal end of the device may also be adapted for handheld

use. In particular, the controls at the handle region may be adapted so that the device may be



manipulated by a single hand. In some variations the handle region may also include one or

more indicators or displays for displaying the status of the distal end of the device. For example,

the handle may include an indicator indicating the extent to which the wedges are extended from

the distal tip. The indicator may be a dial, slider, or the like. The indicator may be marked or

unmarked.

[00032] As mentioned, in some variations the wedge(s) may be extended to any degree (or to

a maximum extension), or retracted completely. The handle, or the controller for the

extension/retraction on the handle, may include a lock locking the wedges at a desired extension.

The same, or a different, lock may also be included on the handle for locking the

configuration/position of the distal end region that is steerable or deflectable. For example, a

lock may be used to lock the distal end at a 45 degree angle.

[00033] The proximal handle may be otherwise configured to be handheld. For example, the

controls may be clustered or located at one end of the handle with a gripper region at the other

end. For example, the controls may be clustered at the proximal portion of the handle (allowing

the distal portion of the handle to be gripped in the palm of the hand, and manipulate d by the

thumb and forefinger of the right.

[00034] In general, the elongate outer sheath of the catheter is flexible, and may be coated so

that it can be readily inserted into a lumen of a sheath, catheter, or directly into a body lumen.

For example, the elongate outer sheath of the catheter may be formed of a braided stainless steel,

a polymer, or the like. The elongate outer sheath is typically tubular, and may be coated (either

or both inner and outer diameter) with a protective cover. The elongate outer sheath may be

referred to as a shaft (e.g., catheter shaft), and may be coated with a lubricious material or may

be formed of a smooth and/or lubricious material.

[00035] Described herein are devices, including at least one specific example of a device,

including some examples in which dimensions are provided. It is to be understood that these

dimensions may be varied while staying within the scope of the invention as generally described.

Unless otherwise indicated, these dimensions are intended as merely illustrative, and not

limiting.

[00036] As mentioned briefly above, various aspects of the devices described herein provide

substantially benefits compared to other device which may be used in occluded vessels,

including rotating devices. For example, the forward cutting blades may prevent cutting on the

sides/walls of the lumen. This configuration may also help with self-centering, as mentioned. In

addition, the device may be configured so that the diameter of the blade (e.g., wedge) region is

the same as the diameter of the rest of the catheter. Thus, the diameter of the distal end having

the rotatable wedge is maxed out, so that the blades are as big across as the rest of the catheter,



which may allow for maximum traction in the lumen of the vessel. The diameter of the blades

(the distal region including the blade or blades) may therefore be equal to the diameter of the

catheter. This in turn may allow the blades to engage better with the tissue of the vessel because

there is more region of the vessel (e.g., width) available for the blade to engage with.

[00037] As mentioned, the distal end region may be rotated manually. For example, the tip

may be spun or rotated by rotating a control or portion of the proximal handle. Thus, the device

may be used as a screwdriver or drill element that is manually turning at a slow, more controlled

(e.g., continuously and manually variable) rate. This may also provide tactile feedback to the

operator, who can gauge how much force is applied by the feel of the device. For example, a

clinician may determine how much force to apply both to advance and to spin the blades.

Compared to true "drilling" elements and augering devices, the devices described herein may be

worked into the media of the vessel more readily. Rotation of the tip may be clockwise or

counterclockwise. In some variations the direction of rotation determines whether the wedge(s)

at the distal tip are cutting or non-cutting. The user may alter the direction of cutting at any time

during the procedure, and may manually or automatically control the rate and/or direction.

[00038] In variations having blades (wedges) that are substantially blunt on the longitudinal

side (e.g. the side facing the wall of the vessel), the devices may advantageously be advanced

into the vessel, and may self-centered. These variations may also prevent damaging the lumen of

the vessel.

[00039] In variations of the devices having a steerable distal end, the same control that allows

extension (and/or rotation) of the distal end to extended/retract the wedges from the

catheter/protective housing may be used to steer (e.g., bend) the distal end. By combining the

steering with blade extension, the controls are simplified, allowing the device to be controlled

more easily with a single activation scheme.

[00040] In addition, these devices realize previously unexpected advantages because the entire

distal end, including (in some variations) the housing into which the wedges/blades may retract,

rotates. The rotation of the distal protective housing may permit blunt tip movement/dissection

and allows powered blunt dissection. Compared to simply advancing a blunt (non-rotating tip)

through the vessel, rotating the blunt or blunted distal end (e.g., when the blades are retracted

into the housing), the device may exhibit a substantial mechanical advantage, apparently

allowing the device to overcome the static friction at the tip and advance across an occlusion. As

mentioned above, the rotating housing also helps with self-centering and steering of the device.

The ability to rotate the device in both the clockwise and counterclockwise (e.g., forward and

backward) directions manually is also particularly helpful for blunt dissection. Turning the

catheter tip (with blades retracted) in one direction (i.e., clockwise) allows the helical slots to



engage the tissue more as the edges are rotated in the direction of the helix, rather than the

opposite direction (i.e., counterclockwise) that moves it along the direction of the helix, thereby

preventing or allowing less motion forward.

[00041] Finally, the devices described herein can be locked in the open/closed position while

still being rotatable. For example, the devices can be locked with the wedges/blades partially

extended, completely extended, and/or completely retracted. In many variations the handle

includes a lock or locking control for securing the blades/wedges in a particular extension, while

still allowing the entire distal end (including the blades/wedges and housing) to rotate.

[00042] Also described herein are elongate guidewire support catheter devices for positioning

a guidewire across an occluded portion of a vessel including: an elongate catheter body having

an outer diameter; a rotatable distal tip configured to be rotated in a forward direction to cut

tissue and a reverse direction for bluntly contacting tissue without cutting; a proximal handle

region including a control for rotating the distal tip in either the forward or reverse directions;

and a central lumen extending through the elongate guidewire support catheter configured to

pass a guidewire.

[00043] The outer diameter of the distal tip may be approximately the same as the outer

diameter of the elongate catheter body.

[00044] In some variations, the device also includes a steerable distal end region configured to

controllably deflect the rotatable distal tip. The rotatable tip may comprise a helical blade edge.

The rotatable distal tip in some variations has a substantially smooth, curved outer surface that

presents an atraumatic tissue-contacting surface when rotated in the reverse direction and that

presents a sharp, tissue-cutting surface when rotated in the forward direction.

[00045] Also described herein are methods of placing a guidewire across an occlusion of the

lumen of a blood vessel including the steps of: advancing a catheter having an elongate catheter

body and a rotatable distal tip towards the occlusion in the lumen of the blood vessel (wherein

the distal tip comprises a forward-cutting wedge having atraumatic lateral edges and a protective

housing); rotating and extending the wedge of the distal tip out of the protective housing while

rotating both the wedge and the protective housing (wherein the wedge and protective housing

have an outer diameter at least as large as the outer diameter of the elongate catheter body);

advancing the distal tip across the occlusion; and passing a guidewire through a lumen of the

catheter once it has crossed at least partially through the occlusion.

[00046] The step of rotating the distal tip of the catheter may include rotating the distal tip

both clockwise and counterclockwise.

[00047] The method may also include steering the distal tip. The step of steering may include

manipulating a control on the handle of the catheter to bend the distal end of the device.



[00048] Also described herein are methods of placing a guidewire across an occlusion of the

lumen of a blood vessel including: advancing a catheter having an elongate catheter body and a

rotatable distal tip towards the occlusion in the lumen of the blood vessel; rotating the distal tip

relative to the elongate body in a forward direction to cut tissue rotating the distal tip relative to

the elongate body in a reverse direction to bluntly contacting tissue without cutting; advancing

the distal tip across the occlusion; and passing a guidewire through a lumen of the catheter once

it has crossed at least partially through the occlusion.

[00049] The step of rotating the distal tip may comprise manually rotating the distal tip. The

method may also include steering the distal tip. As mentioned, the step of steering may include

manipulating a control on the handle of the catheter to bend the distal end of the device.

BRIEF DESCRIPTION OF THE DRAWINGS

[00050] FIG. 1 is a perspective view of one variation of a guidewire positioning and support

catheter devices as described herein.

[00051] FIGS. 2A-2D illustrate operation of one variation of a guidewire positioning and

support catheter device.

[00052] FIG. 3 illustrates steering of the distal end region of a guidewire positioning and

support catheter device.

[00053] FIG. 4A-4C illustrate sequential extension of the wedge portion(s) of a guidewire

positioning and support catheter device and deflection of the distal end of the device.

[00054] FIG. 5 is a side perspective view of another variation of a guidewire positioning and

support catheter device.

[00055] FIG. 6 is a side perspective view of the proximal handle region of the guidewire

positioning and support catheter device shown in FIG. 5.

[00056] FIG. 7 is an exploded view of the proximal handle region shown in FIG. 6.

[00057] FIG. 8 is a side perspective view of the distal end region of one variation of a

guidewire positioning and support catheter device.

[00058] FIG. 9A and 9B are exploded views of the distal end region shown in FIG. 8.

[00059] FIGS. 10A- 1OC show side perspective, side and end views, respectively, of the luer

fitting at the proximal end region of one variation of a guidewire positioning and support catheter

device. FIGS. 1OD and 1OE show alternative side perspective views of the luer fitting shown in

FIG. 1OA.

[00060] FIGS. 1IA-I ID show side perspective, side, end and front views, respectively, of one

variation of a slider component of a handle of a guidewire positioning and support catheter

device. FIG. 11 E shows another side perspective view.



[00061] FIGS. 12A-12C show side perspective, end and side views, respectively, of a lock

(shown as a rotator cap in this example) which may be used to lock the slider of FIG. 1IA.

[00062] FIGS. 13A-13C show side perspective, end and side views, respectively, of a slider

seal which may be used as part of a guidewire positioning and support catheter device.

[00063] FIGS. 14A-14C show side perspective, end and side views, respectively, of a fluid

sealing tube portion of a handle for a guidewire positioning and support catheter device.

[00064] FIGS. 15A-15C show side perspective, side and end views, respectively, of a set

screw portion of a handle for a guidewire positioning and support catheter device.

[00065] FIGS. 16A-1 6C show side perspective, side and end views, respectively, of a rotator

portion of a handle for a guidewire positioning and support catheter device. FIG. 16D is another

side perspective view of the rotator portion shown in FIG. 16A.

[00066] FIGS. 17A-17D show side perspective, side, cross-sectional, and end views,

respectively, of a handle body portion of a handle for a guidewire positioning and support

catheter device.

[00067] FIGS. 18A-1 8C show side perspective, side and end views, respectively, of a cap

portion of a handle body for a handle of a guidewire positioning and support catheter device.

[00068] FIGS. 19A-19C show side perspective, front and side views, respectively, of a sealing

0-ring portion of one variations of a handle for a guidewire positioning and support catheter

device.

[00069] FIGS. 20A-20D show side perspective, front and side views, respectively, of an o-

ring cap portion of a handle for a guidewire positioning and support catheter device.

[00070] FIG. 2 1 is a side perspective view of an outer elongate shaft for a guidewire

positioning and support catheter device.

[00071] FIG. 22 is a side perspective view of a drive shaft (e.g., torque shaft) for a guidewire

positioning and support catheter device.

[00072] FIG. 23A-23C show first and second side perspective views, and an end view,

respectively, of a steerable distal end portion of a guidewire positioning and support catheter

device as described in one variation herein. FIGS. 23D shows the steerable (or flexible) distal

end of FIGS. 23A-23C projected flat (e.g., "unrolled") so that the cut pattern is apparent.

[00073] FIGS. 24A-24C show side perspective, side and end views, respectively, of an

attachment ring for a steerable distal end portion of a guidewire positioning and support catheter

device as described in one variation herein.

[00074] FIGS. 25A-25C show side perspective, side and end views, respectively, of a slip

collar for a rotatable distal tip portion of a guidewire positioning and support catheter device as

described in one variation herein.



[00075] FIGS. 26A-26C show side perspective, side and end views, respectively, of a drive

coupler element for a rotatable distal tip portion of a guidewire positioning and support catheter

device as described in one variation herein. FIG. 26D shows an end perspective view of the

drive coupler shown in FIGS. 26A-26C.

[00076] FIGS. 27A-27C show side perspective, side and end views, respectively, of a distal

housing for a rotatable distal tip portion of a guidewire positioning and support catheter device as

described in one variation herein. FIG. 27D is another side perspective view of the distal

housing shown in FIG. 27A.

[00077] FIGS. 28A-28C show side perspective, side and end views, respectively, of a wedge

(blade) element for a rotatable distal tip portion of a guidewire positioning and support catheter

device as described in one variation herein. FIGS. 28D and 28E show alternative perspective

views of the wedge element shown in FIG. 28A.

[00078] FIG. 29 is a fluoroscopic image thorough a region of a subject's body having an

occluded vessel.

[00079] FIG. 3OA-3OC illustrate operation of a guidewire positioning and support catheter

such as the one illustrated above to traverse the occluded vessel shown in FIG. 29.

[00080] FIG. 3IA shows a cross-section through a region of a vessel including a guidewire

positioning device as described herein. FIG. 3IB is a partial longitudinal view of the same

region of FIG. 3IA.

[00081] FIG. 32A shows an alternative view of a cross-section through a region of a vessel

including a guidewire positioning device. FIG. 32B is a partial longitudinal view of the same

region of FIG. 32A.

[00082] FIG. 33 is another variation of a guidewire positioning and support device.

[00083] FIG. 34 shows an enlarged view of the distal end of the device of FIG. 33.

[00084] FIG. 35 shows another view of the distal tip region of the device of FIG. 33.

[00085] FIG. 36 is an exploded view of the distal tip region of the device of FIG. 33.

[00086] FIG. 37A and 37B show increasingly enlarged views of the handle region of the

device of FIG. 33.

[00087] FIG. 38 is an exploded view of the handle shown for the device of FIG. 33.

[00088] FIG. 39A shows one variation of a guidewire positioning and support device having

three wedges in the retracted position. FIG. 39B shows the same device in which the wedges are

extended.

[00089] FIG. 4OA illustrates one variation of a guidewire positioning device having a

rotatable distal tip with a plurality (two in this example) of extendable wedges retractable into a

rotating housing. FIG. 4OB shows another variation having an integrated rotatable distal tip with



a pair of channeled flutes extending around from the distal end of the rotating tip that are

configured to present a sharp cutting edge when the tip is rotated counter-clockwise, and to

present a non-cutting (e.g., atraumatic) surface when the tip is rotated clockwise.

[00090] FIGS. 4 1A-41D show the rotatable distal tip of FIG. 4OB in various views. FIGS.

4 1A and 4 1D show side perspective views. FIG. 41B shows an end view. FIG. 4 1C shows a

side view.

DETAILED DESCRIPTION OF THE INVENTION

[00091] FIG. lillustrates one variation of a guidewire positioning and support catheter having

a rotatable distal end with extendable/retractable wedges. This device may be used to position

(e.g., providing a channel for) a guidewire or for traversing an occlusion in a vessel, particularly

for traversing complete occlusions. This device may be used to support steerable guidewires

(and may be used to guide them) in accessing discrete regions of the peripheral vasculature. It

may be used to facilitate placement and exchange of guidewires and other interventional devices.

It may also be used to deliver saline or contrast.

[00092] One example of such a guidewire support catheter is provided below, although other

variations are contemplated, hi general, these devices include a rotatable distal tip. The distal

tip may be rotated manually (by operation of a control on the proximal handle). In some

variations both counterclockwise and clockwise rotation is possible. The devices may include

one or more extendable wedges that may be extended from or retracted into a distal housing that

is atraumatic (e.g., smooth, non-sharp). The wedges may be blades, or they may include one or

more sharp regions, or they may be dull. The wedges may be extended continuously, so that the

user can operate a control on the proximal handle to extend and/or retract the wedges. The

wedge or wedges may extend laterally from the region along the length of the tip. For example,

the wedges may extend helically at least partially around the distal tip. hi some variations a

single wedge (which may be a single helical wedge) extends from the tip of the distal end.

Multiple wedges may extend from the distal tip. In some variations two bilateral wedges may

extend from the distal tip. The rotation of the wedges may be independent of the extension of

the distal tip. For example, the distal tip may be rotated even with the wedges retracted or with

the wedges all or completely extended.

[00093] The devices described herein may also include a steerable distal end region. The

steerable distal end region may be steerable in one or more directions. For example, the

steerable distal tip maybe displaced in one direction (e.g., bent in one direction), hi some

variations, the steerable distal end region is coordinated with the extension of the wedge or

wedges from the distal tip. For example the steerable distal end region may be configured to



bend in one or more direction using the same actuator that extends the wedge from the rotatable

distal tip. This configuration may reduce or eliminate the need for an additional bending/steering

mechanism (e.g., tendon wires or the like) to traverse the elongate body of the catheter. In other

variations, including those allow for steering in multiple directions the steering of the distal end

region may be independent of the extension of the wedge from the distal tip. For example, one

or more control wires (e.g., tendons), hydraulic or pressure lines may be use to control steering

(bending) of the distal end region.

[00094] FIG. 1 shows one variation of a guidewire support catheter. This example includes a

6F catheter (outer) sheath 103 and is a 0.035" guidewire compatible over-the-wire device. An

exemplary guidewire 115 is shown inserted in the proximal end of the device handle 120. Thus,

a system may include a guidewire, although a guidewire does not have to be included as part o

the device. The guidewire support catheters described herein may include a catheter shaft 103

with handle assembly 120 at the proximal end and an atraumatic distal tip 10 1. A locking luer

connecter 117 at the proximal end provides entry to a lumen that supports and facilitates

movement of a guidewire 115. The catheter may be sterilized.

[00095] The blunt distal tip 101 houses one or more deployable spiral wedges (not visible in

FIG. 1) and allows atraumatic advancement of the catheter through the vasculature. At the

proximal end of the catheter, manipulation of a control (e.g., slider 111) controls the deployment

and retraction of the wedges and deflection of the flexible distal tip 101. Advancing the slider

111 in the distal direction deploys the wedges from the distal tip, and pulling the slider to its

furthest proximal position retracts the wedges inside the distal tip 101. A tip indicator 109

moves in conjunction with longitudinal movement of the slider and provides information about

wedge deployment and the amount of deflection at the distal tip (described in more detail below

for FIGS. 2A-2D). In the variation illustrated in FIGS. 1-2D, at the tip indicator's 109 most

proximal location, the wedges are in the retracted position. If the tip indicator 109 resides in its

mid-point location, the wedges are fully deployed. As the slider 111 is advanced distally from

this mid-point and the tip indicator 109 moves towards its furthest proximal location, the distal

tip 101 deflects at an increasing angle (see FIG. 2C and 2D). The flexing of the distal tip 101 is

visible under fluoroscopic guidance.

[00096] The handle assembly 120 typically consists of a handle body 105, a rotator 107, a tip

indicator 109, a slider 111, a slider lock 113, and a luer 117. The handle body 120 controls

rotational orientation of the catheter, including the flexible distal tip. The rotator 107 controls

the rotational movement to the distal tip independent of the catheter orientation. Rotational

movement of the distal tip 101 can be achieved either with wedges deployed or retracted. As

referenced above, the slider 111 can move through the rotator in a longitudinal direction to



control wedge deployment/retraction and the amount of tip deflection. The slider lock 113

restricts the slider movement. The slider lock 113 can be engaged by turning it in the clockwise

direction until tight, and can be disengaged by counterclockwise rotation. The Luer is provided

to facilitate fluid flush and the entry/exit of the guidewire. This port also acts as an entry port for

the guidewire.

[00097] FIGS. 2A-2D illustrate extension/retraction of the wedge (e.g., "blade") elements

from the distal tip of the device. As shown in FIGS. 2A and 2B, moving the slider 111 portion

of the handle distally (as indicated by the movement of the tip indicator 109), extends the wedges

49 from the retracted position shown in FIG. 2A, to a deployed condition, shown in FIG. 2B.

When the slider is about halfway along the indicator, the wedges are fully deployed. In this

example, the wedges do not extend out of the protective housing at the distal tip 50. Moving the

slider further distally (as shown in FIGS. 2C and 2D) acts to deflect (steer or bend) the distal end

region of the device.

[00098] In the variation shown in FIGS. 1-2D, the distal end region includes a laser-cut

tubular region (scaffold 46) that is pre-biased in a straight configuration, but may be bent or

flexed to deflect at an angle from the straight configuration, as shown in FIGS. 2C and 2D. The

inner shaft (a torque shaft or drive shaft) in this example is connected to the slider on the handle,

and is slideable within the catheter relative to the distal housing 50. Thus, the drive shaft (not

visible in this figure) is connected to the wedges 49 at the distal tip, and sliding the slider causes

the drive shaft to advance the distal tip until it is fully deployed, as shown in FIG. 2B. Further

advancing of the slider, as illustrated in FIG. 2C and 2D, applies a force at the distal end of the

device that result in bending of the tubular region 46. hi this example, the cuts in the tubular

region allow the region 46 to flex or bend in a predictable region. One side of the tubular region

46 is not cut, and acts as a living hinge region that may bend as the spacing between the cuts of

the cut region expands. As illustrate below, these cuts may be spaced and angled to limit the

ability of the tubular region 46 to bend beyond a certain point (e.g., to form an angle of less than

some predetermined amount, such as 30 degrees, 40 degrees, 45 degrees, 50 degrees, 60 degrees,

etc.). Thus, in FIG. 2C the distal end region is shown with the wedges deployed at a minimal

tip deflection (also indicated by the slider tip indicator 109 slightly proximal from the distal end

of the indicator window). In FIG. 2D the slider is fully deployed distally and the distal end of

the device is bent to the maximum tip deflection, with the wedges extended.

[00099] Although the control of the extension/retraction of the wedges and the deflection or

steering of the distal tip are conjoined in this example, which may simplify the one-handed

control of the catheter and allow the control of extension/retraction and deflection using a single

drive shaft, in other variations these controls may be separated, and separate drive shafts may be



used. In addition, the deflecting/bending tubular region 46, which may be referred to as the

deflecting, bending or hinged region, is configured to bend by the application of a longitudinal

pushing force that is applied from the drive shaft in this example. Because this deflecting region

is 'hinged' on one side in this example, a symmetric (or even asymmetric) force applied across

the region causes the region to bend against the hinge. The tubular region 46 in this example

may be made of any appropriate material, for example, metal (stainless steel, shape memory

alloys such as Nitinol, or the like), polymers (plastics, elastomers, etc.) or the like. It may be

helpful if the region is configured to include a restoring force and restores itself to the original

(straight) shape when the distal force is removed.

[000100] FIGS. 3 and 4A-4C illustrate steering of the distal end of a catheter as just

discussed. For example, in FIG. 3 the 'hinge' portion of the tubular region extends laterally

along the top of the device shown. The hinge in this example is simply a narrow band that is

solid, while the rest of the circumference of the region includes a plurality of approximately

transverse (i.e., transverse to the longitudinal length of the catheter) cuts. The cuts in this case

include regions that double back on themselves to form a zig-zag pattern. This pattern (shown in

detail in FIGS. 23A-23D) effectively limits the bending of the region since, for any given

spacing between the cuts, the opposite walls of the cuts in the doubled-back region will contact

each other, preventing further bending. The hinged region shown in FIGS. 3-4C is formed by

laser-cut stainless steel, however other materials, and method of cutting them, may be used, as

mentioned.

[000101] FIG. 5 shows a side-perspective view of one example of a catheter 40 as described

herein. In this variation, the catheter includes a distal end region 101 having a flexible or

deflection region 46 and a rotatable tip region consisting of a protective housing 49 and an

extendable/retractable wedged region 50. The distal end region 101 is connected to the proximal

handle region 120 by an elongate catheter 45. This catheter includes an outer flexible catheter

body 45, and one or more inner members, such as an inner drive member (not visible in FIG. 5)

that can drive rotation of the distal tip. This catheter also includes a central passageway (not

visible) that opens at the proximal and distal ends.

[000102] The handle region 210 includes a handle body 4 1 that is connected to a handle body

cap 44 which interfaces with a rotator portion 56. The rotator 56 partially covers a slider 54.

The rotator portion 56 may be rotated; this rotation is translated (e.g., via a drive shaft) into

rotation of the distal tip. The slider may move distally or proximally within the handle 120. A

window in the slider shows a position indicator (set screw 55) that indicates the longitudinal

position of the slider, and therefore indicates the extension/retraction state of the wedges at the

distal tip. Sliding the slider distally extends the wedges from the housing and may also deflect or



steer the device, as just described. The proximal end of the device includes a luer fitting region

which may be used to connect to the central lumen of the device (e.g., for applying contrast,

saline, etc.). The luer region may include a threaded or lockable region. The luer region may

also include a flanged or funnel-shaped opening to help assist in threading a guidewire into the

catheter.

[000103] FIG. 6 shows a close-up perspective view of just the proximal handle region 120 of

the device shown in FIG. 5.

[000104] FIG. 7 is an exploded view of the handle region 120 of FIGS. 5 and 6, indicating all

of the component parts, including internal elements that may be included. For example, the

device may include an inner drive catheter 52 connected to both the rotator 56 and the slider 54.

In this example, the inner drive catheter is a braided stainless steel catheter that is connected to a

more rigid (e.g., stainless steel) tube 53 at the proximal end. The rigid tube 53 may help provide

a fluid seal against one or more sealing elements, such as O-rings 42 and slider seals 58. These

seals may help isolate the components of the device. Without seals between the drive shaft 52

and the outer catheter 45, fluid (e.g., blood, etc.) may leak from the body vessel through the

device; in operation, the inner lumen may be continuous with the body lumen, but can be

regulated by attachment of saline, plasma, or other material to the proximal end of the device, to

help regulate the pressure differential between the lumen and the environment outside of the

patient. Multiple seals may be used between the inner and outer catheters, including redundant

seals.

[000105] In addition to the seals, a locking member 57 configured as a screw-lock, may be

included on at least the slider portion of the device. This lock may be used (e.g., locking by

screwing distally/unscrewing proximally to unlock) to secure the slider in a desired position.

Thus, the position of the wedges (extended/retracted position) and/or the deflection of the distal

end may be locked in a desired position. Other locks (e.g., preventing or allowing rotation) may

also be included.

[000106] FIG. 8 is an enlarged view of the distal end of the device shown in FIG. 5. In this

example, the distal end includes a rotatable tip region including a protective housing 49 and

extendable/retractable wedge portion 50. A steering or steerable bending region 46 is also

shown, as previously described. The flexible bending region 46 connects to the outer catheter

45.

[000107] FIGS. 9A and 9B show exploded views of the distal end region of the catheter shown

in FIGS. 5 and 8. In the exploded views shown, the inner drive shaft catheter 52 is shown within

the outer catheter 45. Both the inner 52 and outer 45 catheters are flexible, so that the entire

elongate length of the device is flexible. The inner drive (or torque) shaft catheter 52 connects to



a rotatable mount, drive coupler 51, that connects to the wedge element 50. The rotatable mount

is also engaged with the protective housing 49, and both of these elements are rotatably

connected to the slip collar 48. Thus, rotation of the drive shaft catheter 52 rotates the wedge

element and the protective housing at the distal tip, causing the entire distal tip region to rotate.

In addition, the drive shaft 52 may be extended and/or retracted to extend or retract the wedge

element, as previously described, and apply longitudinal force to bend the flexible region 46.

The flexible region 46 is rigidly connected (e.g., welded) to an attachment ring 47 that connects

to the slip ring 48 to allow a rotatable coupling between the distal tip region (e.g., protective

housing 49) and the rest of the catheter. The proximal end of the flexible region 46 is connected

(e.g., by welding) to the outer catheter 45.

[000108] Each of the various components shown in the exploded views of FIGS. 7 and 9A-9B

are illustrated in greater detail in FIGS. 10A-28E in various views. Many of these figures

include exemplary dimensions and tolerances. These dimensions are intended only as examples,

and other dimensions may be used, or ranges of dimensions (e.g., +/- 5% of the value shown, +/-

10% of the value shown, etc.). For simplicity, the numbering of each component is maintained

throughout the figures.

Methods of use

[000109] hi operation, any of the devices described herein may be used to treat an occlusion,

hi particular, these devices may be used to position a guidewire across an occlusion such as a

chronic total occlusion of the peripheral vascular system. In general, treatment may include

insertion of the catheter device into a vessel (e.g., blood vessel or artery) that is occluded.

Fluoroscopy or other imaging technique may be used to visualize both the device and the vessel.

Thus, appropriate contrast material may be used, and may be applied through the device or prior

to insertion of the device. The device may be inserted using known minimally invasive (e.g.,

percutaneous) techniques. The device may be inserted with the wedge element retracted, so that

the distal tip region is essentially atraumatic, to prevent damage to tissue or miss-guidance of the

device.

[000110] The device may be positioned against the occlusion, and the distal tip region may be

rotated with or without the wedge element deployed. The deploying the wedge element, in

combination with the (manual) rotation may allow the device to penetrate the occlusion. The

device may thus be advanced by rotation of the distal tip, either with or without the wedge

element extended. The catheter may be gently driven (e.g., by the medical professional) distally

to advance the device. The device may be used prior to insertion of a guidewire through the

device, or it may be used in conjunction with a guidewire. For example, a guidewire may be



extended from the distal end as it is advanced to also help penetrate the occlusion or steer the

device.

[000111] The distal region of the device may also be steered by controlling the bending of the

flexible distal region, as illustrated and described above. If the device should penetrate or exit

the lumen of the vessel, it may be guided back into the vessel (re-entry) using the steerable distal

end.

[000112] For example, in operation, a catheter may be removed from a sterile package and

transfer to a sterile field where it can be first flushed with heparanized saline through the

proximal port located on the handle assembly. The catheter may then be lightly wiped with

heparanized saline in preparation for insertion. Before use, the catheter may be tested to confirm

that the wedges extend and retract and the distal end region of the device bends for steering. In

general, to control the device, the rotator may be turned clockwise and counterclockwise to rotate

the distal tip region. The slider may be longitudinally slide distally to extend the wedges from

the tip region (from out of the housing) and further distally to bend the steerable distal end

region. The slider may then be slid proximally to 'unbend' (restore to straight) the distal end,

and to retract the wedge region. The slider lock may be rotated clockwise to engage (lock) the

slider in position (and therefore the extension of the wedge(s) and the bend of the distal end

region, and the slider lock may be rotated counterclockwise to disengage and allow longitudinal

slider movement.

[000113] The device may be inserted into the vessel by first retracting the wedges into the

housing at the distal tip. Prior to inserting the catheters describe herein, a guidewire may be

inserted up to (or adjacent to) the occlusion using standard techniques. The catheter may then be

advanced over the guidewire under fluoroscopic guidance through a sheath to the target lesion

(occlusion). In operation, the guidewire support catheter is used with a guidewire within the

central lumen, which may provide additional stiffness and support to the catheter.

[000114] When the device is positioned, manually torque and advance the catheter through a

region of the peripheral vasculature while maintaining catheter position at the lesion site. If

additional support is necessary to advance beyond the region, deploy the wedges by pushing on

the slider the slider lock may be engaged if desired. The rotator may be manipulated as needed

to advance the catheter. To ensure the distal tip of the device remains in the vessel's true lumen,

the Slider may be pushed until the tip is positioned properly and engage the slider lock.

[000115] After advancing beyond the lesion, the wedges may be fully retracted under

fluoroscopic guidance, and the catheter may be retracted, leaving the guidewire in place.

[000116] FIG. 29 shows a fluoroscopic image thorough a region of a subject's body having an

occluded vessel. The occluded vessel extends from the top to the bottom of the figure. A dark



column extending from the top of the figure shows the un-occluded portion of the vessel filled

with contrast. FIGS. 30A-30C illustrate the use of the devices as described herein to traverse this

occluded region carrying a guidewire that may be left in position (spanning the occlusion) after

the catheter is removed. As illustrated, the catheter does not remove any substantial amount of

material from the occlusion, but the rotation of the wedges at the distal tip allows it to advance

around and through the occlusion within the vessel, forming a passage for the guidewire.

Thereafter, the catheter may be removed, leaving the guidewire in position. The guidewire may

then be used in conjunction with other devices, including stents or expanding balloon catheters

that may be used to expand or remove the plaque or otherwise enlarge the vessel. For example, a

catheter holding a balloon and/or stent may be delivered over the guidewire after it has been

positioned.

[000117] FIGS. 3IA and 3IB illustrate the insertion of a device into a blood vessel. The vessel

includes the media (e.g., tunica media) surrounded by adventitia (e.g., tunica adventitia). During

operation, the devices described herein may be self-centering within the "true" lumen of the

vessel, rather than a "false" lumen region between the adventitia and media, as illustrated in

FIGS. 32A and 32B.

[000118] For example, any of the catheters described herein (referred to for convenience as a

"Wildcat" device) may be used to treat peripheral vascular disease. When used to treat chronic

total occlusions, the manually rotatable distal end (including the wedges) of the catheter may

have been found to guide the catheter in the true lumen, especially when the reaching the distal

cap of a lesion. Centering (self-centering) of the catheter appears to result from the rotation of

the blades, coupled with the dimension of the device, including the diameter of the wedges and

distal tip (which are typically the same as the diameter of the rest of the catheter). This rotating

distal tip helps the device to stay in true lumen of the blood vessel. The blades (wedges) are

configured to engage and dissect their way through tissue like the atheroma. For example, the

rotating blades may create a sweeping path that is not only self-centering, but also is much

bigger than the vessel wall (media). If a blade does engage with the media, it returns in the true

lumen because the configuration of the device may help keep it within that space. As mentioned,

the wedges may include a forward-cutting face (e.g., a blade or sharp edge that faces distally,

away from the lateral sides, and therefore away from the walls of the lumen). The lateral

portions of the wedge may be atraumatic, so that they don't cut or tear the lumen tissue. An

atraumatic wedge portion may be rounded or otherwise dulled and configured so as not to cut the

lumen. In some variations more than one wedge (e.g., two or more wedges) may be used. Thus,

when one blade (wedge) is engaged with the vessel wall, the other blade continues making its

way through the atheroma.



[000119] If the catheter device does end up in the sub-intimal plane (e.g., false lumen), as

illustrated in FIGS. 32A and 32B, the device may reside between the media on one side and the

adventitia on the other. The elastic nature of Adventitia typically prevents the wedge (and

particularly atraumatic surfaces of the wedge) from engaging the tissue. At the same time it is

easy for the rotating wedge(s) to engage with the media if it is presented in the front of the

device, which may include the tissue-cutting surface(s). Thus, the rotating wedges may

selectively dissect their way through the media and not through adventitia. Once the device

dissects its way through the medial, it ends up back in the true lumen.

[000120] FIG. 33 is another variation of a guidewire positioning and support catheter having a

rotatable distal end with one or more extendable/retractable wedges. This device may also be

used to position (e.g., providing a channel for) a guidewire or for traversing an occlusion in a

vessel, particularly for traversing complete occlusions. This device may be used to support

steerable guidewires (and may be used to guide them) in accessing discrete regions of the

peripheral vasculature. It may be used to facilitate placement and exchange of guidewires and

other interventional devices. It may also be used to deliver saline or contrast.

[000121] The variation shown in FIGS. 33-38 does not include a steerable distal end, as

illustrated above. In this variation, the catheter includes an elongate catheter body having an

outer diameter, and a rotatable distal tip. The rotatable distal tip includes a rotatable, extendable,

wedge, and a rotatable protective housing. The extendable wedge is configured to be extended

from the protective housing. In this variation, both the extendable wedge and protective housing

have an outer diameter at least as wide as the diameter of the catheter (e.g., the distal half of the

catheter). In some variations the wedge is a forward-cutting wedge having atraumatic lateral

edges. The wedge region of the distal tip shown in FIGS. 33-38 are substantially similar to the

wedge regions shown above (e.g., FIGS.28A-28E).

[000122] FIG. 34 shows an enlarged view of the distal end of the catheter of FIG. 33 . FIG.

35shows an alternative view in which the more proximal portion of the catheter has been

removed. FIG. 36 shows an exploded view of the distal end of the device of FIGS. 33-35. In

FIG. 36, the rotatable wedge portion 50' fits within the housing 49', and both the housing and the

wedge portion are rotatable, as already described.

[000123] FIGS. 37A and 37B illustrate progressively enlarged views of the proximal (handle)

region of the device. In this variation, advancing the slider 111 ' in the distal direction will

extend the wedge(s) from the protective housing. As mentioned above, the device may be

configured so that the wedge portion cannot be fully extended from the housing. The device

may also include an indicator. Finally, FIG. 38 shows an exploded view of the catheter handle.



[000124] Any of the variations described herein may include one, two, three, or more wedges

in the distal tip. It may be advantageous for the device to include three or more wedges that

extend from the distal end. Having three or more wedges positioned around the distal end of the

device may permit more equal distribution of the forces around the center of the tip. hi addition,

having three or more wedge may enhance the centering capability of the device. Devices having

two wedges may engage the target tissue with only a single wedge at a time (e.g., in a lumen that

is larger in diameter then the diameter of the device), which may cause the device to tend to spin

around the engaged wedge or blade rather than the center of the device (e.g., the true center point

of the catheter). For example, FIG. 39A and 39B illustrate one variation of a device having

three symmetrically positioned wedges shown in the retracted (FIG. 39A) and extended (FIG.

39B) positions.

[000125] FIGS. 4OB to 41D illustrate another variation of a guidewire placement device. This

variation may include many of the features described above, but includes an integrated (or

"unified") rotatable distal tip. FIG. 4OA is another illustration of the two-part rotatable distal tip

including both an extendable/retractable rotatable wedge portion and a rotatable distal housing.

The variations shown in FIG. 4OB includes a rotatable distal tip in which the wedge and housing

are integrated into a rotation-direction sensitive embodiment, hi this variation, the distal tip is

similar tin configuration to the distal housing, however the one or more spiral slots from which

the wedges may extend are replaced with spiral flutes that act as spiral wedge members. Around

the surface of the tip, the outer surface is smooth and flat when traveling in the counter¬

clockwise direction (e.g., see FIGS. 4 1A-41D), while traversing the tip in the clockwise direction

encounters multiple sharp edges. Thus, as the tip is rotated clockwise, the tissue is passively

engaged by the rotating atraumatic (non-cutting) surface. Rotation of the tip in the opposite

(counterclockwise) direction presents multiple cutting edges.

[000126] In operation, the variation shown in FIGS. 40B-41D may be operated similar to those

described above, however the wedges do not need to be extended/retracted as described. Instead,

the cutting/non-cutting surfaces (corresponding to the extended/retracted configuration of other

variations) may by operated depending on the direction of rotation of the distal tip. As

mentioned above, the distal tip may be manually rotated, allowing both control of the speed

and/or direction of rotation (e.g., by twisting a control to rotate the distal tip, etc.).

[000127] The examples and illustrations included herein show, by way of illustration and not of

limitation, specific embodiments in which the subject matter may be practiced. Other

embodiments may be utilized and derived there from, such that structural and logical

substitutions and changes may be made without departing from the scope of this disclosure.

Such embodiments of the inventive subject matter may be referred to herein individually or



collectively by the term "invention" merely for convenience and without intending to voluntarily

limit the scope of this application to any single invention or inventive concept, if more than one

is in fact disclosed. Thus, although specific embodiments have been illustrated and described

herein, any arrangement calculated to achieve the same purpose may be substituted for the

specific embodiments shown. This disclosure is intended to cover any and all adaptations or

variations of various embodiments. Combinations of the above embodiments, and other

embodiments not specifically described herein, will be apparent to those of skill in the art upon

reviewing the above description.



CLAIMS

What is claimed is:

1. An elongate guidewire support catheter device for positioning a guidewire across an

occluded portion of a vessel, the device comprising:

an elongate catheter body having an outer diameter;

a rotatable distal tip including an extendable wedge and a protective housing,

wherein the extendable wedge is configured to extend from the protective

housing, and both the extendable wedge and protective housing are configured

to rotate, and both the extendable wedge and protective housing have an outer

diameter at least as large as the outer diameter of the elongate catheter body;

a proximal handle region including a first control for extending or retracting the

extendable wedge and a second control for rotating the distal tip; and

a central lumen extending through the elongate guidewire support catheter

configured to pass a guidewire.

2. The device of claim 1, further comprising a steerable distal end region configured to

controllably deflect the rotatable distal tip;

3. The device of claim 2, wherein the first control is further configured to deflect the

steerable distal end region.

4. The device of claim 1, wherein the extendable wedge comprises a forward-facing cutting

edge.

5. The device of claim 1, wherein the extendable wedge comprises a helical blade.

6. The device of claim 1, comprising three of more extendable wedges arranged radially

around the rotatable distal tip.

7. The device of claim 1, wherein the lateral surfaces of the extendable wedge are blunt,

non-cutting surfaces.

8. The device of claim 1, wherein the extendable wedge is configured to remain at least

partially within the protective housing even when fully extended.

9. The device of claim 1, further comprising an indicator on the proximal handle configured

to indicate the extension/retraction status of the extendable wedge.

10. The device of claim 1, wherein the second control comprises a manual control for

manually rotating the distal tip clockwise or counterclockwise.

11. The device of claim 1, wherein the outer diameter of the extendable wedge region is

greater than the diameter of the elongate catheter body.



12. The device of claim 1, wherein the outer diameter of the rotatable distal tip is

approximately the same as the outer diameter of the catheter body.

13. An elongate guidewire support catheter device for positioning a guidewire across an

occluded portion of a vessel, the device comprising:

an elongate catheter body having an outer diameter;

a rotatable distal tip configured to be rotated in a forward direction to cut tissue

and a reverse direction for bluntly contacting tissue without cutting;

a proximal handle region including a control for rotating the distal tip in either the

forward or reverse directions; and

a central lumen extending through the elongate guidewire support catheter

configured to pass a guidewire.

14. The device of claim 13, wherein the outer diameter of the distal tip is approximately the

same as the outer diameter of the elongate catheter body.

15. The device of claim 13, further comprising a steerable distal end region configured to

controllably deflect the rotatable distal tip;

16. The device of claim 13, wherein the rotatable tip comprises a helical blade edge.

17. The device of claim 13, wherein the rotatable distal tip comprises a substantially smooth,

curved outer surface that present an atraumatic tissue-contacting surface when

rotated in the reverse direction and a that further presents a sharp, tissue-cutting

surface when rotated in the forward direction.

18. A method of placing a guidewire across an occlusion of the lumen of a blood vessel, the

method comprising:

advancing a catheter having an elongate catheter body and a rotatable distal tip

towards the occlusion in the lumen of the blood vessel, wherein the distal tip

comprises a forward-cutting wedge having atraumatic lateral edges and a

protective housing;

rotating and extending the wedge of the distal tip out of the protective housing

while rotating both the wedge and the protective housing; wherein the wedge

and protective housing have an outer diameter at least as large as the outer

diameter of the elongate catheter body;

advancing the distal tip across the occlusion; and

passing a guidewire through a lumen of the catheter once it has crossed at least

partially through the occlusion.

19. The method of claim 11, wherein the step of rotating the distal tip of the catheter

comprises rotating the distal tip both clockwise and counterclockwise.



20. The method of claim 11, further comprising steering the distal tip.

21. The method of claim 20, wherein the step of steering comprises manipulating a control

on the handle of the catheter to bend the distal end of the device.

22. A method of placing a guidewire across an occlusion of the lumen of a blood vessel, the

method comprising:

advancing a catheter having an elongate catheter body and a rotatable distal tip

towards the occlusion in the lumen of the blood vessel;

rotating the distal tip relative to the elongate body in a forward direction to cut

tissue

rotating the distal tip relative to the elongate body in a reverse direction to bluntly

contacting tissue without cutting;

advancing the distal tip across the occlusion; and

passing a guidewire through a lumen of the catheter once it has crossed at least

partially through the occlusion.

23. The method of claim 22, wherein the step of rotating the distal tip comprises manually

rotating the distal tip.

24. The method of claim 22, further comprising steering the distal tip.

25. The method of claim 24, wherein the step of steering comprises manipulating a control

on the handle of the catheter to bend the distal end of the device.

26. An elongate guidewire support catheter device for positioning a guidewire across an

occluded portion of a vessel, the device comprising:

an elongate catheter body having an outer diameter;

a distal tip comprising

a rotatable, extendable, forward-cutting wedge having atraumatic lateral

edges, and

a rotatable protective housing configured to receive the wedge so that it

can be extended or retracted from the protective housing;

wherein both the extendable wedge and protective housing have an outer diameter

at least as large as the outer diameter of the elongate catheter body; and

a central lumen extending longitudinally through the elongate catheter body and

configured to pass a guidewire.

27. A system for positioning a guidewire across an occluded portion of a vessel comprising

the device of claim 1 and a guidewire.
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