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REVERSE TAPERED GUIDEWIRE AND METHOD OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS

(0001] This application claims the benefit of U.S. provisional application No.

60/771,522, filed Feb. 7, 2006, the entirety of which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Certain embodiments of the present invention relate to a medical

guidewire for advancing intraluminal medical devices, such as a suturing device, within a

body lumen. More particularly, preferred embodiments relate to a reverse tapered guidewire

and method of use for advancing the guidewire through a body lumen and providing re-

access to an endoluminal cavity throughout the medical procedure.

Description of the Related Art

|0003] Physicians frequently use sutures to close cuts, punctures, incisions and

other openings in various biological tissue, such as blood vessels, of the human body.

|0004] In an arterial catheterization procedure, a relatively small percutaneous

incision is made in the femoral or other artery. A catheter is inserted through the incision and

directed along an arterial path to a target area, such as the heart, to perform one or more

procedures, such as an angioplasty or angiogram. These procedures are intended to be

relatively quick 'outpatient' procedures.

|0005] Upon completion of the catheterization procedure, the physician typically

creates a 'thrombus patch' by applying direct pressure to the patient's thigh to make the

blood around the incision clot. It is very important that the applied pressure does not impede

the flow of blood through the femoral artery. As a result, it is commonplace for the

physician to apply direct pressure by hand for the first twenty minutes after the procedure.

During this time, the physician can feel the pulse to assure the artery is not occluded.

Afterwards, the physician typically transfers responsibility to an assistant who then applies

direct pressure using sandbags, clamps or other devices. A significant problem with this

approach is that it is frequently necessary to apply the pressure for an extended period of

time, such as twenty-four hours or longer.



[0006] Another problem with the thrombus patch method is that the high blood

pressure in the artery can cause the thrombus patch to rupture or burst while direct pressure is

being applied to the thigh or after direct pressure is removed. This requires the entire process

to be reinitiated. If the patch ruptures and is not quickly restored, substantial bleeding can

occur, with potentially fatal consequences. Because thrombus patches frequently burst, the

patient is often kept in the hospital or catheterization lab overnight for observation. As a

result, these 'out-patient' procedures become 'in-patient' procedures, simply because a

thrombus patch is often unreliable and/or difficult to create. Staying in the hospital increases

patient discomfort and hospital expenses, which are often disproportionate to the actual

medical procedure performed.

[0007] Furthermore, if a thrombus patch cannot be adequately formed, the

physician may need to anesthetize the patient and occlude the blood flow to the artery. At

this point, the physician is required to make a large incision in the thigh to allow

conventional suturing with a needle, suture the artery with conventional means, restore blood

flow to the artery, and suture the incision in the thigh. This results in additional discomfort

and expenses for the patient.

[0008] While the above problems could potentially be avoided by suturing the

blood vessel immediately following the catheterization procedure, the size and location of the

artery make suturing extremely difficult. More specifically, the opening in the thigh is often

too small and too deep to provide enough working space for suturing the artery using

conventional methods. Thus, in order to suture the vessel using conventional methods, the

opening in the thigh would have to be significantly enlarged, thereby further increasing the

recovery period and exposing the patient to additional discomfort, undesirable scarring,

possible infection and other health risks.

SUMMARY OF THE INVENTION

|0009] Certain embodiments of the invention are directed to a reverse tapered

guidewire and method of use. Preferred embodiments relate to the use of the guidewire to

suture an opening in a body of a patient, and to re-access the opening.

[0010] In U.S. Patent No. 6,117,144, U.S. Patent No. 6,562,052 and U.S. Patent

Application No. 11/235,751, filed September 27, 2005 and published on March 30, 2006 as

U.S. Patent Publication No. 2006/0069397, each incorporated herein in their entireties by



reference, methods and devices are disclosed for closing incisions, or other openings, within

biological tissue, for example by suturing biological tissue, such as an organ or blood vessel.

These methods are particularly well suited for suturing an incision or puncture made in an

artery, such as the femoral artery, following a catheterization procedure. This method of

suturing the blood vessel immediately following the catheterization procedure eliminates the

need to apply pressure to a patient's thigh for an extended period of time, and eliminates

many of the complications and costs associated with the creation of a thrombus patch. One

suitable suturing device is the SuperStitch® closure device available from Sutura, Inc. of

Fountain Valley, CA.

10011] In one embodiment of a catheterization procedure, a guidewire is first

advanced through the puncture in the wall of a blood vessel. An introducer may be advanced

over the guidewire into the blood vessel, and the guidewire may then be removed, or

alternatively, may remain in the blood vessel and used to deliver therapy or other devices.

After the desired treatment has been completed, if the guidewire has been removed, the

suturing device may be delivered through the introducer to deploy the sutures to close the

puncture. Alternatively, if the guidewire has remained or is reintroduced into the vessel

through the introducer, the suturing device may be delivered over the guidewire into the

blood vessel to deploy the sutures.

J0012} In one embodiment of using a suturing device such as the SuperStitch®

closure device, for the device to properly place the sutures across the puncture site, after the

suturing device has been delivered into the blood vessel, the introducer is pulled proximally

just out of the blood vessel so as not to interfere with deployment of the device.

[0013] However, the sutures may not always be successful in sealing the puncture

in the blood vessel. For example, in patients with extensive plaque build up along the arterial

wall, the sharp edges of the plaque may cut the suture as it is being pulled tight about the

opening. Alternatively, in certain patients with thin arterial walls, the force of the suture

against the arterial wall as it is being pulled tight may cause the suture to be pulled through

the wall and thus prevent closure of the wall opening. In such instances, it would be

advantageous to be able to re-access the incision with a suture delivery device to apply

another suture to the incision. But with the introducer removed from the vessel, redelivery

can be difficult.



[0014] In addition, during certain procedures, pre-loading of the sutures may be

desired. For example, a larger incision may be needed to perform the medical procedure. In

such instances, it would be advantageous to be able to pre-load the sutures at the incision site,

without tying or knotting the sutures, and maintain access to the incision after the sutures

have been placed to re-access the incision and perform the medical procedure. Again, with

introducer removed from the vessel, re-access may be difficult.

[0015] In other procedures, it may be desirable to reinsert a suturing device with a

different orientation (e.g., rotated 90 degrees) for the placement of additional sutures.

[0016] In keeping with the foregoing discussion, one embodiment of the present

invention provides an improved guidewire for use with intraluminal medical devices,

particularly for use with a suturing device for remotely sealing an incision in a blood vessel

or other body tissue. The guidewire has a tapered proximal end or reverse taper, wherein a

proximal portion of the guidewire is smaller than a distal portion of the guidewire, for

allowing catheter and/or medical devices to be advanced and withdrawn over the wire while

the guidewire is left in place inside the incision in the blood vessel. This includes the ability

to advance medical devices, for example a suture delivery device or other intraluminal

medical device, having small diameter lumens over the proximal end of the guidewire and

sufficiently far into the patient's body to access the incision site or other desired locations.

The guidewire may also desirably remain in place, providing continuous access to the blood

vessel incision during and after delivery of the suturing device. For example, an introducer

that has been intentionally or unintentionally removed from a blood vessel may be reinserted

into the blood vessel over the guidewire using an obturator. Thus, the suturing device may

be delivered to the intraluminal treatment site, removed and subsequently re-introduced to

the treatment site over the guidewire one or more times as necessary to completely close the

incision.

[0017] The tapered proximal end of the guidewire may comprise a gradual taper,

wherein the guidewire gradually decreases in dimension from a distal location toward a

proximal location. The taper may also comprise a stepped down portion, wherein a proximal

portion of the guidewire has a first diameter and a distal portion of the guidewire has a

second, larger diameter.



(00J 8] The guidewire, even with the proximal taper, desirably has sufficient

"pushability" to maneuver through the patient's blood vessels or bodily tissue to the desired

treatment site. Accordingly, a distal region of the guidewire may have a larger cross-

sectional diameter than a proximal region in order to provide sufficient rigidity for

pushability and trackability and may at the same time be flexible enough to prevent trauma to

the blood vessel walls. However, a proximal region may have a smaller diameter, yet remain

sufficiently stiff so that it will not buckle when advanced and will provide sufficient

trackability to devices provided thereover.

[0019] In one embodiment, a method of delivering an intravascular medical

device to a body lumen of a patient is provided. A guidewire may be advanced through an

access site on the patient into the lumen of a blood vessel. The guidewire may have a

proximal region and a distal region. The proximal region may have a cross-sectional

diameter smaller than a cross sectional diameter of the distal region. An intravascular device

may be advanced over at least the proximal region of the guidewire into the lumen of the

blood vessel. An operation may be performed at a treatment site within the patient with the

intravascular device. The intravascular device may be withdrawn from the patient. The

same or a different intravascular device may be introduced over the proximal segment of the

guidewire.

[0020] In another embodiment, a method of providing access to a blood vessel of

a patient is provided. A guidewire may be advanced through an access site in the patient's

tissue and through an incision in a lumen of a blood vessel. The guidewire may have a

proximal region and a distal region. The proximal region may have a cross-sectional

diameter smaller than a cross sectional diameter of the distal region. A proximal portion of

the wire may be held outside of the patient to maintain the position of the distal region of the

guidewire within the incision in the blood vessel. A medical device may be advanced over

the proximal region of the guidewire until it abuts the beginning of the larger diameter distal

region. The guidewire and the medical device may be moved distally through the patient's

tissue past the incision in the body lumen.

[00211 h another embodiment, a method of performing a medical procedure is

provided. A guidewire may be delivered into a patient, the guidewire having a proximal

segment and a distal segment, wherein the proximal segment has a smaller diameter than that



of the distal segment, such that the proximal segment extends outside the patient after the

guidewire is delivered. A medical device may be advanced over the guidewire into the

patient.

[00221 In another embodiment, a method of placing at least one suture is

provided. A guidewire may be inserted into a body opening. The guidewire may comprise a

proximal segment and a distal segment, the proximal segment having a smaller diameter than

the distal segment. A suture delivery device may be advanced at least partially over the

proximal segment of the guidewire to the opening. At least one suture may be applied to the

opening using the suture delivery device. The suture delivery device may be withdrawn from

the patient's body over the guidewire while retaining the guidewire within the body opening.

J0023] In one embodiment, a guidewire may comprise a proximal segment and a

distal segment, wherein the proximal segment has a smaller diameter than that of the distal

segment. The proximal segment may have a substantially constant diameter and

substantially consistent mechanical properties from a proximal end of the guidewire to a

transition between the proximal and distal segments.

[0024] In one preferred embodiment, a method of advancing a medical device

over a guidewire is provided. Typically, a guidewire is inserted into the patient's blood

vessel via an access site and advanced to a treatment site. One or more catheters or other

medical devices may then be advanced over the guidewire to the treatment site to provide a

desired treatment. The guidewire is preferably left in place during the delivery of the

medical device(s) and the treatment. The guidewire may have a constant diameter, or may

have a proximal region with a smaller diameter cross-section and allows the medical

device(s) to be advanced to the treatment site over the guidewire via lumen(s) in the medical

device(s). Once the treatment has been performed, the medical device(s) may be withdrawn

over the guidewire. Here, the guidewire is still in position, providing access to the treatment

site. Alternatively, the guidewire may be removed and may be replaced with another

guidewire. Thus, if for example the first treatment fails, or if additional treatments are

needed, the medical device, or another medical device, may be readvanced over the

guidewire to re-access the original treatment site and continue treatment.

J0025] In another embodiment, a method of advancing a suture delivery device

over a guidewire is provided. The method comprises inserting a reverse tapered guidewire



into an incision in a blood vessel or other body lumen. A suture delivery device comprising

an elongate body having a lumen, at least one needle and a suture catch assembly which

extends from the distal portion of the body and releasably holds at least one suture is

advanced over a narrow proximal region of the guidewire into the blood vessel opening.

The needles are then deployed from and then retracted into the body, during which time the

needles pierce the vessel wall on opposite sides of the incision, release and capture suture

ends from arms of the suture catch assembly, and pull the ends of the suture proximally

through the vessel wall. The arms are then moved to a retracted position, and the device is

withdrawn from the blood vessel and from the patient's body over the guidewire. The same

or a different suture delivery device may then be re-loaded and re-inserted over the guidewire

and access the same incision in the blood vessel wall, for example to delivery multiple

sutures to a large incision or to deliver another suture to incision should the first suture fail.

|0026] In another embodiment, a method of pre-loading at least one suture at an

incision site is provided. The method comprises inserting a reverse taper guidewire into an

incision in a patient's blood vessel or other body lumen. A suture delivery device may then

be advanced over the narrow proximal portion of the guidewire to the incision site. The

narrow proximal portion of the guidewire may be operatively sized to allow the suture

delivery device to be advanced to the incision site. The suture delivery device may then

deliver the sutures and then be withdrawn from the blood vessel and the patient's body over

the guidewire. The sutures may then be laid aside without being pulled closed and tied and

the guidewire may be used to re-access the incision site to perform a medical procedure

within the blood vessel. In certain embodiments, the doctor may introduce a larger catheter

over the guidewire to enlarge the incision in the blood vessel in order to perform the medical

procedure. Once the medical procedure is complete, the pre-loaded sutures may be pulled

tight and knotted to close the enlarged incision.

|0027] All of these embodiments are intended to be within the scope of the

present invention herein disclosed. These and other embodiments of the present invention

will become readily apparent to those skilled in the art from the following detailed

description of the preferred embodiments having reference to the attached figures, the

invention not being limited to any particular preferred embodiment(s) disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS



[00281 FIG. 1 illustrates a guidewire according to one embodiment of the present

invention.

{0029] FIG. 2 is a schematic view of one embodiment of a guidewire.

[0030] FIG. 3 is a schematic view of another embodiment of a guidewire

[0031] FIG. 4 is a schematic view of another embodiment of a guidewire

[0032] FIG. 5 illustrates one embodiment of a suture delivery device.

[0033] FIG. 6A illustrates a suture introducer head having suture arms and

needles retracted into the device housing.

[0034] FIGS. 6B and 6C illustrate a suture introducer head having suture arms

partially extended.

[0035] FIG. 7 illustrates an exemplifying use environment, such as a patient's

thigh.

[0036] FIG. 8 illustrates a guidewire extending into a lumen, such as a blood

vessel, with an obturator and an introducer extending over into the lumen.

[0037] FIG. 9 illustrates an embodiment of a reverse tapered guidewire extending

through an introducer into a lumen, such as a blood vessel, with a transition between a

proximal segment and a distal segment being located outside the introducer and the lumen.

A medical device, such as a suturing device, is shown positioned over a proximal segment of

the guidewire.

[0038] FIG. 10 illustrates the guidewire of FIG. 9 with the medical device

positioned over the proximal segment of the guidewire and the medical device extending

through the introducer into the lumen. The introducer is shown withdrawn from the lumen.

[0039] FIG. 11 illustrates the guidewire of FIGS. 9-10 and a suture disposed

through a tissue portion and extending through the introducer.

[0040] FIG. 12 illustrates the guidewire of FIGS. 9-1 1 and an obturator about to

be inserted into the introducer over the guidewire.

[0041] FIG. 13 illustrates the guidewire of FIGS. 9-12 with the obturator and the

introducer extending at least partially over a distal segment of the guidewire into the lumen.

[0042] FIG. 14 illustrates the guidewire of FIGS. 9-13 with a medical device,

such as a suturing device, positioned over the proximal segment of the guidewire.



[0043] FIG. 15 illustrates the guidewire of F]GS. 9-14 with the medical device

positioned over the proximal segment of the guidewire and the medical device extending

through the introducer into the lumen. The introducer is shown withdrawn from the lumen.

[0044] FIG. 16 is a cross-sectional view of a distal end of a suturing device

disposed in a blood vessel.

[0045] FIG. 17 is a cross-sectional view of the suturing device of FlG. 16 with

suture clasp arms partially extended. .

[0046] FIG. 1S is a cross-sectional view of the suturing device of FIGS. 16 and 17

with suture clasp arms fully extended and needles deployed for engaging suture ends.

[0047] FIG. 19 illustrates an embodiment of a reverse tapered guidewire

extending through an introducer into a lumen, such as a blood vessel; a suture disposed

through a tissue portion and extending through the introducer; and a knot placement device

having a threader loaded therein. A pair of suture ends is shown extending through the

threader.

[0048] FIG. 20 illustrates the knot placement device positioned through the

introducer over the suture.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0049] FIG. 1 illustrates an embodiment of a reverse tapered guidewire 10,

having a distal segment 14 and a proximal segment 12. As used herein, the term "reverse

tapered" refers to the guidewire being smaller in the proximal segment 12 than in the distal

segment 14The guidewire 10 need not necessarily have a gradual transition 18 from the distal

segment 14 to the proximal segment 12. Thus, in one embodiment, illustrated in FIG. 3, the

guidewire 10 may have a distinct step between the proximal segment 12 and distal segment

14, but have a constant or substantially constant cross-section between the proximal end and

the transition 18 between the proximal and distal segments. In other embodiments, a gradual

taper may be provided, as shown in FIGS. 2 and 4.

[0050] In one embodiment, the length of the guidewire 10 ranges from about 50

cm to about 320 cm, more typically ranging from about 120 cm to about 200 cm, and

preferably from about 175 cm to about 190 cm for the coronary anatomy or alternatively

from about 120 —170 cm for accessing a femoral artery. In other embodiments, the length of

the guidewire 10 may range from about 40 cm or less to about 120 cm or more, including



about 70 cm or less to about 100 cm or more. In one preferred embodiment, the guidewire

10 may be about 82.6 cm long. The length and diameter of guidewire 10 may be varied to

suit the particular procedures in which it is to be used and the materials from which it is

constructed.

[00511 The guidewire is preferably made of superelastic nickel-titanium or

nitinol, or may be made of stainless steel or other suitable material.

(0052) The distal segment 14 of the guidewire is configured to be advanced

through a blood vessel or lumen within the patient and has a cross-sectional diameter

sufficient to provide the stiffness and pushability necessary to advance the guidewire through

the blood vessel or body lumen. For example, the distal segment of the guidewire may have

a cross-sectional diameter ranging between about 0.030 inches or less to about 0.050 inches

or more, more preferably between about 0.035inches or less to about 0.040 inches or more,

and even more preferably about 0.038 inches, such that the guidewire may be compatible

with medical devices having a 8 Fr lumen or larger.

(0053] In certain embodiments, the distal segment 14 of the guidewire may be

comprised of an elongate core surrounded by a helical coil, as described further below, in

order to provide the rigidity necessary to push the guidewire through a blood vessel while

ensuring that the guidewire remain flexible enough to prevent trauma or damage to the blood

vessel walls as it is being advanced through the blood vessel. In alternative embodiments,

the distal segment of the guidewire may be constructed using techniques known to those

skilled in the art and may further include an elongate core, a helical coil covering the

elongate core, a tapered distal end, a flexible tip and/or other suitable features for facilitating

advancing and positioning the guidewire within the body lumen.

[0054] In some embodiments, the distal segment 14 of the guidewire may be

constructed using techniques known to those skilled in the art to provide sufficient

trackability to permit an introducer and an obturator to be inserted over the guidewire into a

lumen.

[0055] The distal segment 14 of the guide wire may be of a suitable length for

advancing the guidewire from the access site, for example the femoral artery, through the

blood vessel or body lumen to the site of a medical procedure. In some embodiments, the

length of the distal segment may range from about 10 cm or less to about 200 cm or more,



including about 30 cm, about 60 cm, about 90 cm, about 120 cm, and about 150 cm. In one

embodiment, the distal segment of the guidewire is about 50 cm long.

[0056] The proximal segment 12 of the guidewire has a cross-sectional diameter

smaller than the cross-sectional diameter of the distal segment, for example the cross-

sectional diameter of the proximal segment may range from between about 0.010 inches or

less to about 0.018 inches or more, more preferably between about 0.012 inches or less to

about 0.014 inches or more, even more preferably about 0.010 inches such that the proximal

segment may be compatible with medical devices having a 7 Fr lumen or smaller,

alternatively a 6 Fr lumen or smaller, alternatively a 5 Fr lumen or smaller. Advantageously,

the smaller proximal segment of the guidewire allows use of devices with smaller lumens,

particularly those that can be advanced over the smaller proximal segment 12 but not the

larger distal segment 14.

[0057] The proximal segment 12 has a length typically ranging about 1 cm or less

to about 30 cm or more, more preferably from about 2 cm or less to about 20 cm or more,

even more preferably from about 2 cm or less to about 10 cm or more, although longer

segments may be used as needed to provide sufficient length to advance a medical device

over the narrow proximal segment 12 to the incision, the treatment site or other desired

locations. In some embodiments, the length of the proximal segment 12 may range from

about 10 cm or less to about 100 cm or more, including about 20 cm, about 40 cm, about 60

cm, and about 80 cm. In one embodiment, the proximal segment 12 may be about 32 cm

long.

[0058] When used with a suturing device, the length of the proximal segment is

sufficient to extend at least from outside of the patient to a location distal to the incision

within the blood vessel.

[0059] This smaller diameter of the proximal segment 12 allows a medical device

having a small lumen, for example a 6 Fr, 5 Fr, 4 Fr or smaller lumen, to be loaded on the

narrow proximal segment of a guidewire having a distal segment positioned at least partially

in the body lumen. Here, the medical device may be advanced over both the proximal and

distal segments of the guidewire to the treatment site. Alternatively, the medical device can

only be advanced over the proximal segment to be located at a different desired treatment

location, such as an incision site. In either case, the guidewire may remain in place during



the medical procedure and provide re-access to the incision after the medical device is

removed should it be necessary.

[0060] In one embodiment, as shown in FIG. 1, a tapered guidewire 10 may

comprise a stiff elongate core 2 1 extending the entire length or substantially the entire length

of the guidewire and having a cross-sectional diameter ranging from between about 0.010

inches or less to about 0.018 inches or more, more preferably between about 0.012 inches or

less to about 0.014 inches or more, and even more preferably about 0.010 inches. The distal

segment 14 of the elongate core member 2 1 may be wrapped with a helical coil 25 or a

tubular body of polymeric material according to methods known to those skilled in the art to

provide a distal segment 14 having a cross-sectional diameter ranging from between about

0.030 inches or less to about 0.050 inches or more, more preferably between about 0.035

inches or less to about 0.040 inches or more, and even more preferably about 0.038 inches.

The helical coil or tubular body may extend proximally from the distal tip 15 of the elongate

core and may be soldered or otherwise bonded to an intermediate region 16 on the elongate

core. The addition of the helical core or tubular body provides additional stiffness to the

guidewire 10 thus giving the guidewire the pushability necessary to be navigated through a

blood vessel or other body lumen and the trackability necessary to insert an introducer and

obturator over the guidewire.

[0061] In some embodiments, the distal segment may comprise a hook-shaped

region near the distal tip 15 as illustrated in FIG. 1. The hook-shaped region may be

straightened in a manner known to those of skill in the art to facilitate insertion into a needle,

an introducer, or other device or location.

[0062] The proximal segment 12 extends from the proximal end of the helical coil

25 to the proximal end of the elongate core 21, and is preferably comprised only of the

elongate core. Thus, the proximal segment has a smaller diameter than the distal segment,

and may have a constant or substantially constant diameter from the proximal end to the

junction. In one embodiment, the proximal segment has the same or substantially the same

mechanical properties from the proximal end of the elongate core to the junction with the

helical core, e.g., the same or substantially the same rigidity, flexibility and/or stiffness along

that portion of its length. The proximal segment may have a constant cross-section and a

length sufficient to allow a medical device to be advanced over the guidewire through an



incision in the patient's blood vessel; for example, the proximal segment may have a length

ranging from about 1 cm to about 30 cm, more preferably from about 2 cm to about 20cm,

and even more preferably from about 2 cm to about 10 cm. In other embodiments the

proximal segment may have lengths as described above.

[00631 As described above, a medical device that may be advanced over a reverse

tapered guidewire may be a suturing device. The medical device may be a suture delivery

device, such as the suture delivery device 44 shown in FIG. 5. Further details regarding

suture delivery devices and methods are described in U.S. Patent No. 6,1 17,144, U.S. Patent

No. 6,562,052 and U.S. Patent Application No. 11/235,751, filed September 27, 2005 and

published on March 30, 2006 as U.S. Patent Publication No. 2006/0069397, each of which is

incorporated by reference herein in its entirety.

(0064] As shown in FlG. 5 the suture delivery device 44 may comprise a handle

portion 100 and an elongate body 48. The handle portion 100 may comprise a housing 102,

an arm trigger 104, a needle trigger 106, and an arm release button 108.

[0065] The elongate body 48 may extend from the handle portion 100 to a suture

introducer head 20. A reverse tapered guidewire 10 may extend through at least a portion of

the elongate body 48. As illustrated in FIG. 5, the guidewire 10 may pass through the suture

delivery device 44 from a location at or near the distal end 54 to a location in or near the

handle portion 100. Suture 52 may also extend through the suture delivery device 44.

[0066] With reference to FIGS. 6A through 6C, the distal end portion of the

suturing apparatus will now be described in more detail. As shown, the distal end portion

may comprise the suture introducer head 20, a pair of suture arms 24, 24', a pair of needle

apertures 30, 30', a distal end 54, a suture hole 46, a guidewire hole 56, a suture 52 and an

actuating rod 58. The distal end portion may further comprise a pair of needles 70, 70' (see

FIGS. 16 through 18).

[0067] The suture arms 24, 24' and the needles 70, 70' may be retracted into the

suture introducer head 20, as shown in FIG. 6A. This prevents the arms 24, 24' and the

needles 70, 70' from causing tissue damage while the distal end portion passes through a

biological structure.

[0068] FIGS. 6B and 6C illustrate the distal end portion of the suture delivery

device 44 with the suture arms 24, 24' partially deployed. Such deployment is achieved by



partially depressing the arm trigger 104. As shown most clearly in FIG. 6B, each of the

suture arms 24, 24' may hold an end of the suture 52. The suture 52 may extend from the

suture arms 24, 24' through the suture hole 46 into the suture introducer head 20. The suture

52 may further extend through the suture introducer head 20 into the elongate body 48.

|0069] The elongate body 48 may further comprise a plurality of lumens, as

illustrated in FIG. 6C. Lumens 60, 60' may house the needles 70, 70'. Lumen 62 may house

the guidewire. Lumen 64 may house the actuating rod 58. Lumen 66 may house the suture.

Of course, other configurations may be used.

[0070] As shown in FIGS 7-15, the tapered guidewire may be used provide

sustained access to a patient's blood vessel or body cavity during and after a medical

procedure, for example during suturing of a blood vessel following an interventional

catheterization procedure, such as an angiogram. With reference to FIGS. 7-8, the physician

makes an initial incision 32 in the upper thigh 34 of a patient 28. The physician then inserts a

needle (not shown) into the incision 32. When blood bleeds back from the insertion, the

physician knows the needle has pierced the femoral artery 36. The physician then inserts a

guidewire 40 through the needle and through a second incision 42 into the artery 36. The

guidewire 40 may be the same as reverse tapered guidewire 10, or may be a guidewire (such

as a constant diameter guidewire) of a type known to those skilled in the art.

[0071] The physician may take the needle out and insert a plastic needle (not

shown) over the guidewire once the guidewire is in place. The guidewire may then be taken

out (not shown). With this needle in place, the physician can insert a catheter sheath

introducer (CSI) 31, also called an introducer or introducer sheath. Alternatively, the

guidewire 10 may remain in place during delivery and after positioning of the introducer

sheath. This introducer sheath 3 1 is typically a single lumen catheter with a valve on its

proximal end. The valve is used to prevent extraneous bleed back or to introduce medication

into the patient's body.

[0072] The introducer 3 1 may also be inserted into the artery 36 using a tapered

obturator 38, shown in FlG. 8. Once the needle has been removed, the physician may place

the obturator 38 and the introducer 3 1 over the guidewire 40. The obturator 38 may be

disposed within the introducer 31 and may be locked to the introducer 31 near a proximal end

of the introducer. The obturator 38 and introducer 3 1 may be advanced together until the



introducer 3 1 is at least partially within the artery 36, as shown in FlG. 8. Either or both the

obturator 38 and the introducer 3 1 may be tapered at a distal end to facilitate entry into the

artery 36.

[0073] If the guidewire 40 is sufficiently rigid, the obturator 38 will track over the

guidewire 40 as it enters the artery 36, as illustrated in FIG. 8. On the contrary, the obturator

may not curve over the guidewire 40 into the artery 36 and therefore damage the artery if the

guidewire 40 does not provide the necessary trackability.

|0074] Once the introducer 3 1 is properly positioned within the artery 36, the

obturator 38 and the introducer 31 may be unlocked and the obturator 38 withdrawn.

[0075] The vessel incision 42 provides access for medical instruments and probes

inside the arterial vessel 36. Instruments may be inserted into artery 36 via the introducer

sheath 3 1 to perform various procedures in the body. In some embodiments, the guidewire 40

that is used during insertion of the introducer 3 1 may be withdrawn after the introducer 3 1

has been properly positioned within the artery 36. Another guidewire (not shown), which

may or may not be a reverse tapered guidewire, may then be inserted through the introducer

3 1 to perform a medical treatment or procedure. Alternatively, the guidewire 40 may remain

in place and may be used to perform one or more medical procedures.

[0076] In one embodiment, a first guidewire may be used during insertion of the

introducer 31, while a second guidewire may be used to perform a medical procedure and a

third guidewire may be used to perform another or a different medical procedure. Any or all

of the first guidewire, second guidewire, and third guidewire, may be a reverse tapered

guidewire, as described above. A fourth, fifth, sixth guidewire may be used as desired.

[0077J Of course, any number of different guidewires may be used during a

medical procedure while the introducer 3 1 remains properly positioned within the artery 3 1

to provide access to the artery 36 through the incision 42. However, access to the artery 36

through the incision 42 may be permanently lost if the introducer 31 becomes withdrawn

from the artery 31 while the guidewire is also withdrawn, as will be discussed further below.

[0078] In one embodiment, the distal end 14 of a reverse tapered guidewire 10

may be advanced through the patient's thigh and femoral artery and may have a sufficient

diameter to provide the rigidity necessary to advance the guidewire through the patient's

blood vessel lumen to the site of the medical procedure. Optionally, the physician may take



the sheath 3 1 out, leaving the guidewire in place providing access through the incision 42

into the blood vessel. The medical devices needed to perform a procedure may then be

advanced over the guidewire to the treatment site. In one embodiment, a catheter may be

advanced over the guidewire and instruments may be inserted into artery 36 via a lumen in

the catheter to perform various procedures in the body

[0079] After the medical procedure, a suture delivery device 44 having a small

lumen may be advanced through the CSI 3 1 (if still in place) and over the narrow diameter

proximal segment 12 of the guidewire to the incision 42 in the artery 36. Alternatively, the

guidewire used to perform the medical procedure is removed and a reverse tapered guidewire

10 is then inserted into the CSI 31. In certain embodiments, the proximal segment 12 of the

guidewire may be positioned so that the intersection 18 between the proximal segment 12

and the distal segment 14 sits outside of the patient's body, while ensuring that the distal

segment 14 of the guidewire remains positioned through the incision 42 providing access to

the incision 42. In some embodiments, the intersection 18 between the proximal segment 12

and the distal segment 14 may be withdrawn until the intersection 18 between the proximal

segment 12 and the distal segment 14 is proximally outside the introducer 31, as shown in

FIG. 9. In other embodiments, the intersection 18 between the proximal segment 12 and the

distal segment 14 may not need to be withdrawn from the body or introducer 3 1 because it

has not yet been advanced into the body or introducer 31.

(0080] The suture delivery device 44 may then be loaded over the narrow

proximal segment 12 of guidewire until its distal end 54 abuts against the transition 18 to the

larger diameter distal segment 14, as illustrated in FIG. 9. In some embodiments, the suture

delivery device 44 may be loaded over the proximal segment 12 of guidewire 10 before the

guidewire is inserted.

{0081] Preferably, the guidewire lumen 62 (FIG. 6C) and/or the guidewire hole

56 (FIGS. 6A and 6B) of the suture delivery device 44 is smaller than the diameter of the

distal segment 14, such that suture delivery device cannot be advanced beyond the transition

18. The distal segment 14 of the guidewire 10 is preferably configured to have a length that

remains extended through the incision 42 in the artery 36 when the proximal segment 12 is

withdrawn from the body. In some embodiments, the distal segment 14 of the guidewire 10



may have a length that remains extended through the incision 42 in the artery 36 when the

proximal segment 12 is withdrawn from the introducer 31.

|0082] Thus, when the suture delivery device 44 is advanced distally through the

patient's thigh, it moves with the guidewire and pushes through tissue to get to the incision

42. The larger diameter distal segment 14 of the guidewire 10 preferably has sufficient

rigidity to guide the device 44 to the incision site 42. The CSI 3 1 (if still in place) may be

withdrawn from the vessel, as illustrated in FIG. 10, in order to permit activation of the

suture delivery device 44 to deliver suture 52 to the vessel wall 22 surrounding the incision

42 in the artery 36, as will be described father below (see FIGS. 16-1 8).

[0083] The physician may then withdraw the device 44 out of the blood vessel 36

and out of the patient's thigh 34, as illustrated in FIG. 11. The suture delivery device 44 and

guidewire 12 may be withdrawn together or the device 44 may be withdrawn without

withdrawing the guidewire 10. In some embodiments, the device 44 may be withdrawn off

the wire.

[00841 After the device 44 is withdrawn (with the guidewire 10 still in place in

the incision 42 and the CSI 3 1 still possibly in the tissue of the patient), the physician pulls

the ends of the suture and closes the main vessel incision 42 by pulling the sutures tight and

tying or applying a knot. The physician may tie a fisherman's knot or an improved clinch

knot with the ends of the suture and slide or push the knot down through the CSI 31 to the

vessel incision 32. The physician may tie and push the knot(s) by using any suitable suture

knot tying and/or cinching apparatus including an apparatus disclosed in Applicant's

application entitled METHOD AND APPARATUS FOR TYING SUTURE KNOTS, Serial

No. 09/923,108, filed August 6, 2001, the entirety of which is hereby incorporated by

reference. Alternatively, the physician may tie at least one knot by hand and then cinch the

knot by using a knot cinching device, such as an apparatus taught by Applicant's application

titled KNOT PUSHER, Serial No. 09/571,759, filed May 15, 2000, which is incorporated

herein by reference in its entirety. Still, the physician may choose to fasten a small, circular

or flat stainless steel clip (not shown) to the ends of the suture and slide the clip down

through the CSI 3 1 to the vessel incision 42 to close the incision 42. Other embodiments for

tying and placing knots are described in Applicant's application entitled METHOD AND

APPARATUS FOR HOLDING SUTURE ENDS TO FACILITATE TYING OF KNOTS,



Serial No. 60/683,701, filed May 23, 2005, and Applicant's application entitled METHOD

AND APPARATUS FOR HOLDING SUTURE ENDS TO FACILITATE TYING OF

KNOTS5 Serial No. 11/438,619, filed May 22, 2006, published December 14, 2006 as U.S.

Patent Publication No. 2006/0282102, the entirety of each of which is hereby incorporated by

reference. The physician may apply a knot to secure the suture ends as described in U.S.

Patent Application Serial No. 11/455,894, filed June 19, 2006, entitled METHOD AND

APPARATUS FOR APPLYING A KNOT TO A SUTURE, published January 11, 2007 as

U.S. Patent Publication No. 2007/0010829, the entirety of which is hereby incorporated by

reference.

[0085] Typically, the suture will adequately close the incision. However, in

certain high risk patients, the suture may fail. For example, in patients with extensive plaque

build up along the arterial wall, the sharp edges of the plaque may cut the suture as it is being

pulled tight about the opening. Alternatively, in certain patients with thin arterial walls, the

force of the suture against the arterial wall as it is being pulled tight may cause the suture to

be pulled through the wall and thus prevent closure of the wall opening. With the guidewire

10 still in place in the incision 42, but the CSI withdrawn proxϊmally from the incision, as

shown in FIG. 12, the incision can be re-accessed to deliver another suture. Thus, if the first

suture should fail for one of the above mentioned reasons, or if it is simply desired to place

additional sutures, the physician may re-insert the suture delivery device over the guidewire

10 and re-access the incision 42 to deliver a second suture to properly close the incision.

|0086] In one embodiment, the guidewire 10 may be withdrawn from the patient

after the suture 52 has been pulled tight and the suture 52 has not been cut by plaque, torn

out, or otherwise failed. Alternatively, the physician may leave the guidewire 10 in the

incision 42 in the artery 36 while pushing the knot toward the incision or otherwise placing

the knot. The physician may withdraw the guidewire 10 before cinching the knot. The

physician may then cut the unused ends (extra length) of the suture 52 and remove the cut

portions. The physician may then remove the CSI 3 1 from the patient's thigh.

|0087] If the suture fails, the guidewire 10 may allow the physician to re-access

the incision 42. In some embodiments, an obturator may be used over the guidewire 10 to re-

access the incision 42 with the introducer 31. The physician may position the guidewire 10

such that the intersection 18 between the proximal segment 12 and the distal segment 14 is



outside the patient and the introducer 31, as shown in FIG. 12. In some embodiments, the

intersection 18 between the proximal segment 12 and the distal segment 14 need not be

outside the patient to advance the obturator 38 into the artery 36.

|0088] The obturator 38 may be advanced over the guidewire 10 through the

introducer 31. The obturator 38 and introducer 3 1 may lock together as described above as

the obturator is advanced through the introducer 31. The obturator 38 and the introducer 3 1

may then be advanced, either together or independently, through the incision 42 into the

artery, as illustrated in FIG. 13. Ether the obturator 38, the introducer 31, or both may have a

tapered distal end to facilitate entry into the artery 36.

|0089] The intersection 18 between the proximal segment 12 and the distal

segment 14 of the guidewire 10 may be located proximally from the distal end of the

obturator 38 to cause the obturator to bend as it enters the artery 36 so as to avoid causing

trauma to the artery 36. The obturator 38 may then be withdrawn to permit access to the

artery 36 through the introducer 31. Alternatively, the artery 36 may be accessed over the

guidewire 10 without reinsertion of the introducer 31 into the artery 36 using the obturator

38. The guidewire 10 may provide sufficient trackability or pushability to allow a medical

device to access the artery 36 through incision 42.

[0090] As shown in FlG - 14, the same or a different suture delivery device 44

may be advanced over the guidewire 10. The intersection 18 between the proximal segment

12 and the distal segment 14 may be positioned outside the patient and the introducer 31, as

shown in FIG. 14. The device 44 may be advanced until the distal end 54 of the device 44

abuts the transition 18 between the proximal segment 12 and the distal segment 14.

|0091] Once the distal end 54 of the suture delivery device 44 is positioned within

the artery 36, the introducer 3 1 may be withdrawn, as illustrated in FIG. 15, to permit

placement of a suture 52 in the tissue surrounding the incision 42.

[0092] While the suture introducer head 20 is inserted into the artery 36, as shown

in FIG. 16, the actuating rod 58 holds the suture arms 24, 24' in a recessed state within the

suture introducer head 20. The suture arms 24, 24', hold a looped end of the suture 52, as

illustrated in FIGS. 6A through 6C.

[0093] Once the distal portion 26 of the device 44 is properly positioned within

the artery 36, the physician depresses the arm trigger 104 (FIG. 5) to deploy the suture arms



24, 24' as shown in FIG. 17. As the physician continues depressing the arm trigger 104, the

suture arms 24, 24' are moved into a fully deployed state as illustrated in FIG. 18. With the

suture arms 24, 24' in this fully extended position, the physician may gently slide the suture

delivery device 44 proximally so that the suture arms 24, 24' contact the interior surface of

the vessel wall 22.

[0094] At this juncture, the physician depresses the needle trigger 106 (FIG. 5) on

the handle portion 100 to distally advance the needles 70, 70' and capture the ends of the

suture 52 from the suture arms 24, 24'. During advancement, the needles 70, 70' penetrate

the vessel wall 22 at an angle, thereby creating the needle incisions SO, 80' on opposite sides

of the incision 42.

[0095] Pressure on the needle trigger 106 is released to retract the needles 70, 70'

proximally. This motion causes the needles 70, 70' to withdraw into the needle lumens 60,

60' with the looped ends of the suture 52. As the needles 70, 70' pull proximally on the

looped ends of the suture 52, tension in the suture 52 causes additional segments of the suture

52 to feed through the hole 46 at the distal end 54 of the suture introducer head 20, into the

artery 36 and through the needle incisions 80, 80'.

[0096] Once the needles 70, 70' have been retracted into the needle lumens 60,

60', the physician depresses the arm release button 108 (FIG. 5) to release the arm trigger

104. Once the arm trigger 104 is released, the suture arms 24, 24' retract into the recessed

state within the suture introducer head 20, as shown in FIG. 16. In the recessed state, the

suture arms 24, 24' are substantially parallel with the hollow elongate body 32, and the

exterior surfaces of the suture arms 24, 24' are substantially flush with the exterior surface of

the introducer head 20. This reduces the likelihood that the suture arms 24, 24' will snag or

catch on the vessel wall 22 or the flesh during withdrawal. With the suture arms 24, 24' and

the needles 70, 70' returned to the recessed state, the device 44 is ready for removal from the

artery 36.

[0097] After the suture delivery device 44 is withdrawn from the patient, the

suture 52 may extend through the vessel wall 22 surrounding the incision 42 while a pair of

suture ends 68, 68' of the suture 52 extend out of the body through the introducer 31, as

illustrated in FIG. 19.



J0098] The physician may close the incision 42 using any of the methods or

apparatuses described above. In one embodiment, the sutures ends 68, 68' may be passed

through the loop 130 of a threader 128, as shown in FlG. 19. The threader is preloaded into a

knot placement device 132. The threader 128 may be pulled proximally to dispose suture 52

in the knot placement device 132. Further details regarding knot placement devices and

methods are described in U.S. Patent Application Serial No. 11/455,894, filed June 19, 2006,

entitled METHOD AND APPARATUS FOR APPLYING A KNOT TO A SUTURE,

published January 11 2007 as U.S. Patent Publication No. 2007/0010829, the entirety of

which is hereby incorporated by reference.

[0099] The physician may pull the suture 52 tight to close the incision 42. The

guidewire 10 may be withdrawn if the suture 52 has been pulled tight and the suture 52 has

not been cut by plaque, torn out, or otherwise failed. The suture 52 may be held in tension,

by hand or otherwise, while the knot placement device 132 is advanced through the

introducer 31. In other embodiments, the knot placement device 132 may be advanced

through the introducer 31 beside the guidewire 10 or over the guidewire 10.

[0100] The knot placement device 132 may be advanced until a knot body 124

contacts or is near to the vessel wall 22, as illustrated in FIG. 20. The knot placement device

132 may be actuated to secure the suture 52 within the knot body 124, eject the knot body

124 from the knot placement device 132, and sever an excess portion of suture 52. The knot

placement device may then be removed, leaving the knot in place against the tissue portions.

The introducer 3 1 may then be removed from the patient and incision 32 closed.

[0101] In an alternative embodiment, the method of advancing a suture delivery

device 44 over the narrow proximal segment 12 of a guidewire positioned in the patient's

blood vessel may be used to pre-load one or more sutures at the incision site. Initially, the

distal section 14 of the guidewire 10 may be advanced through an incision 42 into the

patient's blood vessel 36. After performing any desired treatment over the guidewire, the

proximal segment 12 of the guidewire may then be withdrawn from the patient's body such

that the suture delivery device 44, or other medical device having a small lumen, may be

loaded over the narrow proximal segment 12 of the guidewire 10 while the distal segment 14

of the guidewire 10 remains in position through the incision 42 providing access to the

incision 42. Once the suture delivery device 44 has been loaded over the narrow proximal



segment 12 of the guidewire, the guidewire 10 may be advanced further through the blood

vessel to advance the suture delivery device 44 to the incision 42.

|0102] The suture delivery device 44 may then be used deliver the suture 52 and

be withdrawn from the blood vessel and the patient's body over the guidewire 10. The

sutures 52 may then be laid aside without being pulled closed and tied. The suture delivery

device 44 may be reloaded with another suture and re-introduced to the incision 42 over the

proximal segment 12 of the guidewire to deliver another suture to the exact same incision.

Alternatively, a different suture delivery device may be used rather than reloading the same

suture delivery device. The suturing device 44 may then again be withdrawn from the blood

vessel 36 and the patient's body over the guidewire 10 and the suture 52 laid aside without

being pulled closed and tied. This procedure may be repeated as many times as necessary to

provide enough sutures to adequately close a larger incision site.

[0103J Alternatively, once one or more sutures have been pre-loaded at the

incision 42, the guidewire 10 may be used by the physician to re-access the incision 42 to

deliver additional medical instruments to the blood vessel 36 and perform a medical

procedure within the blood vessel 36. In certain embodiments, the doctor may introduce a

larger catheter over the guidewire 10 to enlarge the incision in the blood vessel 36 in order to

perform the medical procedure. Once the medical procedure is complete, the pre-loaded

sutures may be pulled tight and knotted to close the enlarged incision.

|0104J One of skill in the art will appreciate that some medical devices will not

accommodate passage therethrough of a guidewire that is sufficiently rigid to provide re-

access to a location. It may nevertheless be desirable to maintain the ability to re-access a

location even when using such a medical device. In some embodiments, a reverse tapered

guidewire may permit such a medical device to be advanced over a relatively small proximal

segment of the guidewire, while a relatively large distal segment is within the body. In this

manner the ability to re-access a location may be preserved even when using a medical

device that will not accommodate passage therethrough of a guidewire large enough to

permit re-access.

10105] A reverse tapered guidewire and the methods described herein may also be

used in some embodiments to access or re-access locations within the body other than a

blood vessel. For example, a reverse tapered guidewire may facilitate access or re-access



through an abdominal wall, dural sac, vaginal tube, intestinal tube, spinal canal, or any other

location where a wire may pass through biological tissue to allow re-access to the location.

Embodiments of the present invention could be similarly used to access or re-access a patent

ductus arteriosus, a patent foramen ovale, a heart defect, a puncture wound in the skin, and

other bodily tissues.

[0106J While a number of preferred embodiments of the invention and variations

thereof have been described in detail, other modifications and methods of using and medical

applications for the same will be apparent to those of skill in the art. Accordingly, it should

be understood that various applications, modifications, combinations, sub-combinations and

substitutions may be made of equivalents without departing from the spirit of the invention or

the scope of the claims.



WHAT IS CLAIMED IS:

1. A guidewire, comprising:

a proximal segment and a distal segment, wherein the proximal segment has a

smaller diameter than that of the distal segment;

wherein the proximal segment has a substantially constant diameter and

substantially consistent mechanical properties from a proximal end of the guidewire

to a transition between the proximal and distal segments.

2. The guidewire of Claim 1, wherein the proximal segment has a diameter of

between about 0.010 and 0.01 S inches and the distal segment has a diameter of between

about 0.030 and 0.050 inches.

3. The guidewire of Claim 1, in combination with a suture delivery device

having a lumen configured to permit the proximal portion to pass therethrough, but inhibiting

the distal portion from entering the lumen.

4. The combination of Claim 3, wherein the suture delivery device is adapted to

deliver a suture using at least one needle.

5. A method of delivering an intravascular medical device to a body lumen of a

patient, comprising:

advancing a guidewire through an access site on the patient into the lumen of

a blood vessel, the guidewire having a proximal region and a distal region, wherein

the proximal region has a cross-sectional diameter smaller than a cross sectional

diameter of the distal region;

advancing an intravascular device over at least the proximal region of the

guidewire into the lumen of the blood vessel;

performing an operation at a treatment site within the patient with the

intravascular device;

withdrawing the intravascular device from the patient; and

introducing the same or a different intravascular device over the proximal

segment of the guidewire.

6. The method of Claim 5, wherein the distal segment of the guidewire has a

cross-sectional diameter ranging from 0.030 -0.050 inches and wherein the proximal segment

of the guidewire has a diameter ranging from 0.010 —0.01 8 inches.



7. The method of Claim 6, wherein the intravascular medical device has a lumen

having a cross-sectional diameter smaller than the cross-sectional diameter of the distal

region of the guidewire.

8. The method of Claim 5, wherein the treatment site is an incision site, and

wherein performing an operation comprises suturing the incision site with a suturing device.

9. The method of Claim 8, wherein the same or a different intravascular device is

a suturing device.

10. The method of Claim 5, wherein the intravascular device is advanced over the

guidewire with its distal end adjacent to an intersection between the proximal region and the

distal region of the guidewire and then advancing the intravascular device with the proximal

region into the lumen of the blood vessel.

11. The method of Claim 5, further comprising advancing the same or a different

intravascular device into the lumen of the blood vessel.

12. A method of providing access to a blood vessel of a patient, comprising:

advancing a guidewire through an access site in the patient's tissue and

through an incision in a lumen of a blood vessel, the guidewire having a proximal

region and a distal region, wherein the proximal region has a cross-sectional diameter

smaller than a cross sectional diameter of the distal region;

holding a proximal portion of the wire outside of the patient to maintain the

position of the distal region of the guidewire within the incision in the blood vessel;

advancing a medical device over the proximal region of the guidewire until it

abuts the beginning of the larger diameter distal region; and

moving the guidewire and the medical device distally through the patient's

tissue past the incision in the body lumen.

13. The method of Claim 12, further comprising performing an operation with the

medical device at the incision.

14. The method of Claim 12, further comprising withdrawing the medical device

from the patient and removing the medical device from the proximal end of the guidewire

while maintaining the distal end of the guidewire in position in the incision in the body

lumen.

15. The method of Claim 12, wherein the medical device is a suturing device.



16. A method of performing a medical procedure, comprising:

delivering a guidewire into a patient, the guidewire having a proximal

segment and a distal segment, wherein the proximal segment has a smaller diameter

than that of the distal segment, such that the proximal segment extends outside the

patient after the guidewire is delivered; and

advancing a medical device over the guidewire into the patient.

17. The method of Claim 16, wherein the medical device is advanced until a distal

end of the medical device engages a transition between the proximal and distal segments.

18. The method of Claim 16, wherein the medical device has a lumen that is

smaller than the diameter of the distal segment.

19. A method of placing at least one suture, comprising:

inserting a guidewire into a body opening, the guidewire comprising a

proximal segment and a distal segment, the proximal segment having a smaller

diameter than the distal segment;

advancing a suture delivery device at least partially over the proximal segment

of the guidewire to the opening;

applying at least one suture to the opening using the suture delivery device;

and

withdrawing the suture delivery device from the patient's body over the

guidewire while retaining the guidewire within the body opening.

20. The method of Claim 19, further comprising performing a medical treatment

other than delivering a suture before advancing the suture delivery device over the guidewire.

21. The method of Claim 19, further comprising advancing the suture delivery

device over the proximal segment of the guidewire to the opening again after retracting the

suture delivery device and applying another suture to the opening.

22. The method of Claim 19, further comprising advancing a different suture

delivery device over the proximal segment of the guidewire to the opening after retracting the

suture delivery device and applying another suture to the opening.

23. The method of Claim 19, further comprising applying a knot to the at least

one suture applied to the opening.



24. The method of Claim 19, wherein the suture delivery device applies at least

one suture by piercing tissue with at least one needle.

25. The method of Claim 19, wherein the suture delivery device is advanced until

its distal end abuts an intersection between the proximal and distal segments and then

advancing the suture delivery device with the guidewire into the opening.

26. The method of Claim 19, wherein the body opening is a blood vessel.

27. The method of Claim 26, further comprising advancing an introducer over the

guidewire into the blood vessel.

28. The method of Claim 27, wherein the introducer is advanced over the

guidewire into the blood vessel after withdrawing the suture delivery device from the

patient's body over the guidewire while retaining the guidewire within the body opening.







































A. CLASSIFICATION OF SUBJECT MATTER
INV. A61B17/04 A61M25/09

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61M A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal , WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

US 6 024 747 A (KONTOS STAVROS [US]) 1,3,4

15 February 2000 (2000-02-15)

figures 55,59-63

column 1 , line 9 - line 12

column 3 , line 53 - line 57

column 8 , line 32 - line 51

column 18, line 20 - line 51
2

US 2004/167440 Al (SHARROW JAMES S [US]) 1,2

26 August 2004 (2004-08-26)

figures 2 ,2A, 6 ,7 ,9 ,10
paragraphs [0001], [0003], [0020],

[0022], [0025] - [0032], [0047] -

[0052], [0055], [0061] - [0066], [0074]

- [0078]
3,4

-/--

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents
"T 1 later document published after the international filing date

or pπoπty date and not in conflict with the application but1A" document defining the general state of the art which is not cited to understand the principle or theory underlying the
considered to be of particular relevance invention

"E" earlier document but published on or after the international "X" document of particular relevance, the claimed invention
filing date cannot be considered novel or cannot be considered to

1L" document which may throw doubts on prionty cla ιm(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another "Y" document of particular relevance, the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

"P" document published prior to the international filing date but in the art

later than the priority date claimed '&' document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

11 June 2007 18/06/2007

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P B 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel (+31-70) 340-2040, Tx 3 1 651 epo nl,
Fax (+31-70) 340-3016 Przykutta, Andreas

Form PCT/ISA/210 (second sheet) (April 2005)



C(Continuatlon). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 6 139 511 A (HUTER SCOTT J [US] ET AL) 1,2
31 October 2000 (2000-10-31)
figures 1,7
column 3 , line 48 - column 7 , line 45

3,4

WO 86/05103 A (RADIPLAST AB [SE]) 1,2
12 September 1986 (1986-09-12)
claims 1-3; figure 1
page 1 , lines 1-4
page 2 , line 21 - page 3 , line 7

3,4

US 2002/049453 Al (NOBLES ANTHONY A [US] 3,4
ET AL) 25 April 2002 (2002-04-25)
paragraphs [0003], [0054] - [0108]

Form PCT/ISA/210 (continuation of second sheet) (April 2005)



Box Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 5-28
because they relate to subject matter not required to be searched by this Authority, namely:

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery

2. Claims Nos.:
because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

3. Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest.

No protest accompanied the payment of additional search fees.

Form PCT/lSA/210 (continuation of first sheet (2)) (January 2004)



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 6024747 15-02-2000 EP 0812571 Al 17-12-1997
JP 3164532 B2 08-05-2001
JP 10043192 A 17-02-1998
US 6001109 A 14-12-1999
US 5855585 A 05-01-1999

US 2004167440 Al 26-08-2004 CA 2516295 Al 10-09-2004
EP 1596919 A2 23-11-2005
JP 2006519058 T 24-08-2006
WO 2004075964 A2 10-09-2004

US 6139511 A 31-10-2000 NONE

WO 8605103 A 12-09-1986 EP 0214270 Al 18-03-1987
SE 8501048 A 05-09-1986

us 2002049453 Al 25-04-2002 US 2005228407 Al 13-10-2005

Form PCT/ISA/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

