Office de la Propriete Canadian CA 2433078 A1 2002/08/15

Intellectuell Intellectual P
du Canada Office P oy 2 433 078
Fhdtiie Canads Indushy Ganada 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2002/01/07 (51) Cl.Int.//Int.CL." AB1M 25/01

(87) Date publication PCT/PCT Publication Date: 2002/08/15| (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2003/06/25 BOSTON SCIENTIFIC LIMITED, BB
(86) N° demande PCT/PCT Application No.: US 2002/000281| (72 Inventeurs/inventors:

BELEF, W. MARTIN, US;
(87) N publication PCT/PCT Publication No.: 2002/062266 TSUGITA ROSS S., US

(30) Priorites/Priorities: 2001/01/16 (60/262,136) US; (74) Agent: OYEN WIGGS GREEN & MUTALA
2002/01/04 (10/039,214) US

(54) Titre : GAINE DE REMPLACEMENT RAPIDE PERMETTANT L'IMPLANTATION DE DISPOSITIFS MEDICAUX ET

PROCEDES D'UTILISATION
(54) Title: RAPID EXCHANGE CATHETER SHEATH FOR DEPLOYMENT OF MEDICAL DEVICES AND METHODS OF

USE

/2/, | Y
\/ /
——— (/\ ¢
/ ] /, ‘j 7
?70/ [O/ 34 3* { | 12{

(57) Abrége/Abstract:

A rapid exchange sheath comprising an elongate tubular member (10), a guidewire (21), and support wire (32). The guidewire
passes through a first opening (21) at a distal end of the tubular member and a second opening (16) a short distance proximal
from the distal end. The support wire Is received In a lumen (11) of the tubular member, or, In certain embodiments, extends
proximally through a third opening a short distance proximal from the distal end. The support wire (32) Is adapted to receive an
endoluminal medical device such as an expandable filter at a distal end. Methods of using the sheaths for deploying and/or
exchanging medical device(s) Iin a patient's vessel are also disclosed.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




S
>

2/062266 A3

CA 02433078 2003-06-25

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

(10) International Publication Number

15 August 2002 (15.08.2002) PCT WO 02/062266 A3

(51) International Patent Classification’: A61M 25/01 CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL., IN, IS, JP, KE, KG, KP, KR, KZ, 1.C,

(21) International Application Number: PCT/US02/00281 LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,

(22) International Filing Date: 7 January 2002 (07.01.2002)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/262,136
10/039,214

US
US

16 January 2001 (16.01.2001)
4 January 2002 (04.01.2002)

(71) Applicant: SCIMED LIFE SYSTEMS, INC. [US/US];
One SciMed Place, Maple Grove, MN 55311 (US).

(72) Imventors: BELEF, W., Martin; 1177 Britton Avenue,
San Jose, CA 95125 (US). TSUGITA, Ross, S.; 1653 Gre-
tel Lane, Mountain View, CA 94040 (US).

(74) Agents: SEAGER, Glenn, M. et al.; Crompton, Seager
& Tufte, L1LL.C, 331 Second Avenue South, Suite 895, Min-
neapolis, MN 55401 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,

MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK,
SL, TJ, TM, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent
(BE, Bl, CFL, CG, CI, CM, GA, GN, GQ, GW, ML, MR,

NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(88) Date of publication of the international search report:
3 October 2002

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: RAPID EXCHANGE CATHETER SHEATH FOR DEPLOYMENT OF MEDICAL DEVICES AND METHODS OF

1S

USE

g (’)6

-~ - \ ; ’/ ,\5
{
é / A : ) .
\ ——>
30) IOJ - 3 i l) 12

(57) Abstract: A rapid exchange sheath comprising an elongate tubular member (10), a guidewire (21), and support wire (32).

The guidewire passes through a first opening (21) at a distal end of the tubular member and a second opening (16) a short distance
proximal from the distal end. The support wire is received in a lumen (11) of the tubular member, or, in certain embodiments,
extends proximally through a third opening a short distance proximal from the distal end. The support wire (32) is adapted to receive
an endoluminal medical device such as an expandable filter at a distal end. Methods of using the sheaths for deploying and/or
exchanging medical device(s) in a patient’s vessel are also disclosed.
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RAPID EXCHANGE SHEATH FOR DEPLOYMENT OF MEDICAL
DEVICES AND METHODS OF USE

Field of the Invention

The present invention relates generally to devices and methods for
deploying an endoluminal medical device, e.g., an angioplasty, atherectomy, or stent
deployment catheter, to a region of interest within the vessel. More particularly, the
mvention provides a rapid exchange sheath for deployment of medical devices for
directing and/or exchanging “over the wire” medical devices.

Background of the Invention

Treatment of thrombotic or atherosclerotic lesions in blood vessels using
an endovascular approach has recently proven to be an effective and reliable
alternative to surgical intervention in selected patients. For example, directional
atherectomy and percutaneous translumenal coronary angioplasty (PTCA) with or
without stent deployment are useful m treating patients with coronary occlusion.
Atherectomy physically removes plaque by cutting, pulverizing, or shaving in
atherosclerotic arteries using a catheter-deliverable endarterectomy device.
Angioplasty enlarges the lumenal diameter of a stenotic vessel by exerting mechanical

force on the vascular walls. In addition to using angioplasty, stenting, and/or

~atherectomy on the coronary vasculature, these endovascular techniques have also

proven useful in treating other vascular lesions 1n, for example, carotid artery stenosis,
peripheral arterial occlusive disease (especially the aorta, the iliac artery, and the
femoral artery), renal artery stenosis caused by atherosclerosis or fibromuscular
disease, superior vena cava syndrome, and occlusive iliac vein thrombosis resistant to
thrombolysis.

It is well recognized that one of the complications associated with
endovascular techniques 1s the dislodgment of embolic materials generated during
manipulation of the vessel, thereby causing occlusion of the narrower vessels
downstream and 1schemia or infarct of the organ which the vessel supplies. In 1995,
Waksman et al. disclosed that distal embolization is common after directional

atherectomy in coronary arteries and saphenous vein grafts. See Waksman et al.,

- American Heart Journal 129(3): 430-5 (1995), incorporated herein by reference. This
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study found that distal embolization occurs in 28% (31 out of 111) of the patients
undergoing atherectomy. In January 1999, Jordan, Jr. et al. disclosed that treatment of
carotid stenosis using percutaneous angioplasty with stenting 1s associated with more
than eight times the rate of microemboli seen using carotid endarterectomy. See
Jordan, Jr. et al. Cardiovascular surgery 7(1): 33-8 (1999), incorporated herein by
reference. Microemboli, as detected by transcranial Doppler monitoring in this study,
have been shown to be a potential cause of stroke. The embolic materials mclude
calcium, intimal debris, atheromatous plaque, thrombi, and/or air.

There are a number of devices designed to provide blood filtering for
entrapment of vascular emboli. Filters mounted to the distal end of guidewires have
been proposed for mtravascular blood filtration. A majority of these devices imncludes
a filter which 1s attached to a guidewire and 1s mechanically actuated via struts or a
pre-shaped basket which deploys in the vessel. These filters are typically mesh
“parachutes” which are attached to the shaft of the wire at the distal end and to wire
struts which extend outward in a radial direction at their proximal end. The radial

struts open the proximal end of the filter to the wall of the vessel. Blood tlowing
through the vessel 1s forced through the mesh thereby capturing embolic material 1n
the filter. These devices are self-directing and can be placed mtravascularly.
However, one major disadvantage associated with the current devices 1s that the
steerability of the guidewire may be altered as compared to the conventional
guidewires due to the size of the filter. The guidewire may bend, kink, and/or loop
around i the vessel, making insertion of the filter through a complex vascular lesion
difficult.

During endovascular procedures, 1t is not uncommon to exchange one
endovascular device for another over the guidewire. However, the guidewire position
1s often lost or compromised during the exchange of devices. For example, during
coronary revascularization, it is often required to exchange of one guide catheter for
another guide catheter possessing different qualities, e.g., a larger diameter guide fo
deliver a specialized angioplasty device, a smaller diameter guide to prevent deep
intubation and/or pressure damping, a different guide shape, or a guide catheter
containing sitde holes. It 1s known that there are few interventional maneuvers as

challenging as attempting to maintain distal guidewire access while frying to
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exchange one guiding catheter for another without compromising the guidewire
position.

What 1s needed are rapid exchange sheaths which can be advanced over a
guidewire and carry an endoluminal medical device to a region of interest and can
thereafter be removed from a patient’s vessel without requiring a large proximal
guidewire segment extending out of the patient's vessel. Existing devices are

inadequate for this purpose.

Summary of the Invention

The present invention provides rapid exchange sheaths for deployment and
exchange of various endoluminal medical devices, including an angioplasty catheter,
a stent-deployment catheter, an atherectomy catheter, an intravascular ultrasound
catheter, a guidewire, a filter catheter, a filter guidewire, a support wire, a support
wire having a filter, and an aspiration catheter. Any of these devices can be
exchanged for any other of these devices, or even for the same device, as in the
exchange of one guidewire for another guidewire. In a first embodiment, the sheath
comprises an elongate tubular member which has a lumen communicating with a
proximal end and a distal end. The sheath has a first opening at the distal end adapted
for passage of a guidewire, support wire, and a medical device, and a second opening
positioned a short distance from the distal end (i.e, skive). The sheath includes a
guidewire which passes through the first opening, the lumen of the tubular member,
and the second opening. The sheath may also include a support wire which has a
proximal end, a distal end, and an expandable filter mounted on the distal end. The
filter and the support wire, which 1s adapted to receive an endoluminal medical
device, are positioned within the lumen of the tubular member.

In certain embodiments, the filtering device, e.g., a parachute, basket, or
scroll, comprises on an expandable frame, and a mesh disposed over the frame. The
filtering device may include an inflation seal for achieving better contact with the
vascular walls. The construction and use of a filter mesh have been thoroughly

discussed in earlier applications including Barbut et al., U.S. Application Ser. No.
08/533,137, filed Nov. 7, 1995, Barbut et al., U.S. Application Ser. No. 08/580,223,
filed Dec. 28, 1995, Barbut et al., U.S. Application Ser. No. 08/584,759, filed Jan 9,
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1996, Barbut et al., U.S. Patent No. 5,769,816, Barbut et al., U.S. Application Ser.
No. 08/645,762, filed May 14, 1996, Maahs, U.S. Patent No. 5,846,260, and, Barbut
et al., U.S. Pat. No. 5,662,671, and the contents of each of these prior disclosures are
expressly incorporated herein by reference i their entirety.

In another embodiment, the rapid exchange sheath comprises an elongate
member which includes a third opening a short distance proximal the first opening.
The guidewire is passed through the first and second openings, and the support wire 1s
passed through the first and third openings. In certain embodiments, the elongate
member has a lumen which communicates with the proximal and distal ends and 1s
adapted for infusion and aspiration of fluid or blood. In certain embodiments, the
proximal end of the tubular member includes a hemostatic valve for preventing back
flow of blood during insertion into a vessel.

The methods of the present invention are useful for deploying a medical
device within a body cavity and for protecting a patient from embolization during an
endovascular procedure. The rapid exchange sheaths can be inserted to deploy
medical instruments within the coronary artery, aorta, common carotid artery, external
and internal carotid arteries, brachiocephalic trunk, middle cerebral artery, basilar
artery, subclavian artery, brachial artery, axillary artery, iliac artery, renal artery,
femoral artery, popliteal artery, celiac artery, superior mesenteric artery, inferior
mesenteric artery, anterior tibial artery, posterior tibial artery, and all other arteries
carrying oxygenated blood. The sheaths can be used prophylactically in patients with
hypercoagulable state, including protein C or protein S deficiency, to deploy a filter
and prevent pulmonary embolism. It can also be used during an endovascular
procedure to gain access and to prevent distal embolization of thrombi and/or foreign
bodies in the venous circulation, including the superior vena cava, inferior vena cava,
external and internal jugular veins, brachiocephalic vein, pulmonary artery,
subclavian vein, brachial vein, axillary vein, iliac vein, renal vein, femoral vein,
profunda femoris vein, great saphenous vein, portal vein, splenic vein, hepatic vein,
and azygous vein.

In a first method of treating an endovascular lesion using the rapid
exchange sheaths having two openings in the tubular member described above, the

guidewire is inserted through an incision on a peripheral vessel, such as the femoral or
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the subclavian artery/vein, advanced to a region of interest. The proximal end of the
guidewire 1s passed through the first opening, the lumen of the elongate member, and
through the second opening. The tubular member is then advanced over the
guidewire until 1t is positioned within a region of mterest. An endoluminal medical
device, such as an angioplasty catheter, 1s inserted in the lumen of the tubular member
and advanced until it is positioned within the region of interest. After the medical
device 1s deployed in the vessel, the guidewire may be withdrawn and the tubular
member may be withdrawn.

In another method, after insertion of the guidewire, the tubular member,
which includes a support wire having a filter in a collapsed state, 1s advanced over the
guidewire until it 1s positioned within a region of iterest. The distal end of the
support wire is extended beyond the first opening. An endoluminal medical device 1s
mserted over the support wire and advanced until 1t 1s positioned within the region of
interest. The filter is expanded to capture embolic material, such as calcium, thromba,
atheromatous plaque, gas, bubbles, and/or tissue debris, generated during the
endovascular procedure.

In another method using the elongate member which includes first, second,
and third openings, a guidewire 1s first advanced to a region of interest within a
patient’s vessel. The proximal end of the guidewire 1s passed through the first and
second openings of the tubular member. A support wire having a collapsed filter 1n
its distal end 1s received within a capture sleeve located between the first and third
openings, and extends proximally through the third opening. The elongate member 1s
advanced over the guidewire until it 1s positioned within the region of interest. In
certain embodiments, the guidewire and elongate member are then removed, leaving
only the support wire 1 place. An endoluminal device 1s mserted over the support
wire and advanced to the region of interest. When deployment of a second medical
device 1s desired, the first medical device 1s withdrawn over the support wire and, if
the elongate member 1s still 1n place, from the lumen of the elongate mdember, and the
second device 1s inserted over the support wire to position within the region of
mterest.

It will be understood that there are several advantages in using the rapid

exchange sheaths and methods disclosed herein for deployment of medical devices
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during endovascular procedures. For example, the sheaths (1) provide access over a
guidewire to a region of mterest within a vessel, (2) allow deployment of a selected
endoluminal medical device to a region of interest while safely carried within the
sheath, (3) allow removal of the guidewire once the sheath and first endoluminal
device are in place, (4) provide for removal of the sheath while avoiding the use of an
extended segment of guidewiré outside the patient’s body, (5) allow use of a support
wire as the first endoluminal device to provide distal embolic protection, (6) protect
the support wire carrying the filter during 1ts msertion, thereby minimizing bending,
kinking, and/or looping around in the vessel, and (7) can be used in adult and
pediatric patients.
Brief Description of the Drawings

Fig. 1A depicts an embodmment of the rapid exchange sheath for
deployment of an angioplasty catheter according to the present invention.

Fig. 1B depicts another embodiment of the rapid exchange sheath carrying
a support wire 1n its lumen.

Fig. 2A depicts a guidewire mserted 1n a vessel.

Fig. 2B depicts a rapid exchange sheath inserted over the guidewire of Fig.
2A.

Fig. 2C depicts an angioplasty catheter deployed within a region of interest
using the rapid exchange sheath of Fig. 1A.

Fig. 3A depicts the rapid exchange sheath of Fig. 1B inserted in a vessel.

Fig. 3B depicts a filter of Fig. 2A deployed downstream a region of
interest.

Fig. 3C depicts a stent deployment catheter deployed within a region of
interest using the rapid exchange sheath of Fig. 1B.

Fig. 4 depicts the rapid exchange sheath of Fig. 1B mserted through left
femoral artery to treat a vascular lesion 1n the left common carotid artery.

Fig. SA depicts another embodiment of the rapid exchange sheath having a
third opening on an elongate member.

Fig. 5B depicts another embodiment of the rapid exchange sheath having a
tubular member extending proximally from the third opening.

Fig. 5C depicts another embodiment of the rapid exchange sheath having a
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proximal lumen adapted for infusion and aspiration.

Fig. 6A depicts the rapid exchange sheath of Fig. SC mserted into a vessel.

Fig. 6B depicts deployment of a filter downstream the region of interest.

Fig. 6C depicts an atherectomy device deployed within the region of
interest using the rapid exchange sheath of Fig. 5C.

Fig. 6D depicts a stent deployment catheter disposed within a region of
interest using the rapid exchange sheath of Fig. 6C.

Fig. 6E depicts the stent of Fig. 6D deployed within the region of interest.

Fig. 7A depicts a support wire deployed within a vascular lesion.

Fig. 7B depicts an atherectomy catheter inserted over the support wire of
Fig. 7A and deployed within the vascular lesion.

Fig. 7C depicts a stent deployment catheter inserted over the support wire
of Fig. 7A and deploying a stent over the vascular lesion.

Fig. 8 depicts another embodiment of the rapid exchange sheath for
deployment of a catheter according to the present invention.

Fig. 8A depicts the sheath of Fig. 8 in use within a vessel to carry a filter
wire.

Fig. 8B depicts the sheath of Fig. 8A during removal of the guidewire.

Fig. 8C depicts the sheath of Fig. 8B after filter deployment.

Fig. 8D depicts the filter wire of Fig. 8C after removal of the sheath.

Fig. 8E depicts retrieval by a capture sheath of the filter wire of Fig. 8D.

Detailed Description

Referring now to the drawings, an embodiment of the rapid exchange
sheath for deployment of angioplasty catheter 30 is depicted in Fig. 1A. The sheath
comprises elongate tubular member 10 having lumen 11 communicating with a
proximal end and distal end 12. Tubular member 10 has first opening 15 at distal end
12, and second opening 16 a short distance proximal to distal end 12. Opening 16 can
be located from 1 millimeter to 50 centimeters proximal of openings 15, and at
distances of 2, 4, 6, 8, 10, 12, 14, 16, or 18 centimeters proximal of opening 15, or at
any other suitable distance. Lumen 11 is adapted to receive an endoluminal medical

device, such as angioplasty catheter 30. Angioplasty balloon 33 1s mounted on distal
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end 32 of the angioplasty catheter. Guidewire 20, which has a proximal end and
distal end 21, passes through opening 16, lumen 11, and opening 15 of tubular
member 10.

Another embodiment of the rapid exchange sheath for deployment of
angioplasty catheter 30 1s shown 1n Fig. 1B. The sheath mcludes support wire 25
having expandable filter device 50 mounted on distal end 26. The support wire is
adapted to receive angioplasty catheter 30.

In using the rapid exchange sheath of Fig. 1A for deployment of a medical
device, guidewire 20 is first inserted through an incision on a peripheral artery, such
as the femoral or the subclavian artery, and into a region of interest as depicted in Fig.
2A. Distal end 21 of guidewire 20 1s advanced past atheromatous lesion 101. The
proximal end of guidewire 20 is passed through first opening 15, lumen 11, and
second opening 16 of tubular member 10 as depicted in Fig. 2B. The tubular member
is then advanced over the guidewire until it is positioned proximal to lesion 101.
Guidewire 20 may be removed from the vessel. A medical device, such as
angioplasty catheter 30 is inserted into lumen 11 and advanced until it 1s positioned
within lesion 101 as depicted in Fig. 2C. Alternatively, angioplasty catheter 30 1s
inserted within lumen 11 of tubular member 10 before advancing the tubular member
over the guidewire. Angioplasty balloon 33 1s then inflated against lesion 101 to re-
establish lumenal patency.

In using the rapid exchange sheath of Fig. 1B for deployment of a medical
device, the guidewire is inserted into a patient’s vessel and advanced to a region of
interest. The proximal end of guidewire 20 1s mserted through first opening 15,
lumen 11, and second opening 16 of tubular member 10 as depicted in Fig. 3A.
Support wire 25, which carries filter 50 in a collapsed state, 1s mserted in lumen 11,
and advanced proximal to lesion 101. Altematively, support wire 25 is positioned
within lumen 11 before advancing tubular member 10 over guidewire 20. In Fig. 3B,
filter 50, which includes a porous mesh, 1s advanced distal to lesion 101 and expanded
to capture embolic material, e.g., calcium, atheromathous plaque, thrombi, and tissue
debris, generated during the endovascular procedure. Guidewire 20 1s removed
before or after positioning filter 50. Stent deployment catheter 40, which has stent 45

mounted on its distal end, is inserted and advanced over support wire 25 to position
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within lesion 101. Stent 45 1s placed 1n a collapsed state to facilitate insertion into
lumen 11, and 1s placed in an expanded state by an actuating mechanism i the
proximal end of the catheter. In certain embodiments, the stent 1s made of a shape-
memory material, e.g., nitinol, which allows self-expansion of the stent in body
temperature. In other cases the stent is expanded by inflating a balloon.

By way of example, when a filter as disclosed herein 1s intended for use in
the aorta, the area of the mesh required for the device i1s calculated from Bernoulli's
equation as described 1 our earlier applications including Barbut et al., U.S.
Application Ser. No. 08/533,137, filed Nov. 7, 1995, Barbut et al., U.S. Application
Ser. No. 08/580,223, filed Dec. 28, 1995, Barbut et al., U.S. Application Ser. No.
08/584,759, filed Jan 9, 1996, Barbut et al., U.S. Patent No. 5,769,816, Barbut et al.,
U.S. Application Ser. No. 08/645,762, filed May 14, 1996, Maahs, U.S. Patent No.
5,846,260, and, Barbut et al., U.S. Pat. No. 5,662,671, and the contents of each of
these prior disclosures are expressly incorporated herein by reference in their entirety.

In an embodiment of the filter that is to be used in an artery, such as
the carotids or the aorta, mesh with dimensions within the following ranges 1s
desirable: mesh area is 0.004—5 in®, more preferably 0.007-4 in”, more preferably

0.010-3 in”, more preferably 0.015-2 in®, more preferably 0.020-1 in”, more preferably
0.025-0.076 in*; mesh thickness is 60-280 pm, more preferably 70270 pm, more
preferably 80-260 um, more preferably 90-250 pum, more preferably 100-250 pm,
more preferably 120-230 um, more preferably 140-210 pum; thread diameter 1s 30—
145 um, more preferably 40—-135 pm, more preferably S0—-125 pm, more preferably
60—115 pm, more preferably 70-105 pm, and pore size is 500 um or less, more
preferably 400 um or less, more preferably 300 um or less, more preferably 200 pm |
or less, more preferably 100 pum or less, more preferably 50 um or less and usually
larger than at least a red blood cell. In a preferred embodiment of the invention, mesh
area is 2—8 in®, mesh thickness is 60-200 pm, thread diameter is 30—100 pm, and pore
size 18 50-300 um. In a further preferred embodiment of the invention, mesh area is
3—5 in®, mesh thickness is 60150 pm, thread diameter 1s 50-80 pum, and pore size 1s
100250 pm. In other embodiments, the filter comprises a thin film laser cut with

holes to allow blood flow. Typical dimensions include pore size of 20-500 um, a
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thickness of 0.00001-0.003 inches, and area approximately the same as for meshes
described above.

Once appropriate physical characteristics are determined, suitable
mesh can be found among standard meshes known 1n the art. For example, polyester
meshes may be used, such as meshes made by Saati Corporations and Tetko Inc.
These are available in sheet form and can be easily cut and formed into a desired
shape. In a preferred embodiment, the mesh is sonic welded or adhesive bonded into
a cone shape. Other meshes known 1n the art, which have the desired physical
characteristics, are also suitable. Anticoagulants, such as heparin and heparinoids,
may be applied to the mesh to reduce the chances of blood clotting on the mesh.
Anticoagulants other than heparinoids also may be used, e.g., ReoPro (Centocor).
The anticoagulant may be painted or sprayed onto the mesh. A chemical dip
comprising the anticoagulant also may be used. Other methods known 1n the art for
applying chemicals to mesh may be used.

The rapid exchange sheaths disclosed herein are useful in treating
occlusion vascular lesions 1n various arteries and veins. For example, in removing
atheromatous plaque in left common carotid artery 99 as depicted 1n Fig. 4, the rapid
exchange sheath of Fig. 1B is inserted through an incision on left femoral artery 98.
After insertion of guidewire 20, tubular member 10 is inserted over the proximal end
of the guidewire and advanced proximal to lesion 101 via descending aorta 103.
Support wire 25, which carries filter 50 i a collapsed state, 1s then inserted in lumen
11 of tubular member 10. Alternatively, support wire 25 is positioned within lumen
11 prior to advancing tubular member 10 over guidewire 20. An endovascular device,
such as angioplasty catheter 30, 1s inserted over support wire 25 before or after
removal of tubular sheath 10.

Figs. 5A, 5B, and 5C depict other embodiments of a rapid exchange sheath
having third opening 17 a short distance proximal of first and second openings 15 and
16. Guidewire 20 is inserted through second opening 16, lumen 11 and first opening
15. In Fig. 5A, support wire 25 is backloaded through opening 15 and then opening
17, or 1s inserted through third opening 17, lumen 11 can and eventually be advanced
through first opening 15. In Figs. 5B and 5C, the sheaths include second tubular

member 19 that extends proximal third opening 17. In these two embodiments,

10
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support wire 25 is insertable through lumen 18 of second tubular member 19, third
opening 17, lumen 11, and can be advanced through first opening 15, or can be
backloaded 1n a reverse manner. In Figs. 5SA and 5B, each embodiment comprises
elongate member 10 which has lumen 11 in the distal region. Lumen 11
communicates with third opening 17 proximally and first opening 15 distally. In
contrast, the embodiment in Fig. 5C comprises elongate tubular member 10 having
lumen 11 communicating with a proximal end (not shown), third opening 17, lumen
18 of second tubular member 19, and distal opening 15. Lumen 11 permits infusion
and aspiration of fluid and/or azr.

In using the embodiment of Fig. 5C 1in freating a vascular lesion, the
guidewire 1s first inserted through a peripheral vessel and advanced to a region of
mterest. In Fig. 6A, the proximal end of guidewire 20 is inserted through first
opeming 15, lumen 11, and second opening 16 of tubular member 10. Support wire
25, which carries filter 50 in a collapsed state, is inserted in lumen 11 prior to
insertion of tubular member 10 over guidewire 20. In this way, the steerability of the
support wire 1s not likely to be altered as compared to conventional guidewires since
the support wire and the filter are carried within lumen 11. The support wire is less
likely to bend, kink, and/or loop around in the vessel, allowing an easy insertion of the
filter through a complex vascular lesion. After tubular member 10 is advanced
proximal to lesion 101, guidewire 20 is removed as depicted in Fig. 6B. Filter 50 is
advanced distal to lesion 101 and expanded to capture embolic material generated
during the endovascular procedure. Filter 50 also includes inflation seal 51 which, in
an expanded state, maintains uniform contact with the vascular lumen and prevents
the filter from displacement i the vessel. Atherectomy catheter 60, which carries
atherectomy device 61 on i1ts distal end, is advanced over support wire 25 within
lumen 11 to position within lesion 101 as depicted in Fig. 6C. For the design and
construction of suitable atherectomy devices the reader is referred to U.S. Patent No.
5,662,671, mcorporated herein by reference in its entirety.

After revascularization is achieved by removing the occluding lesion using
the atherectomy device of Fig. 6C, atherectomy catheter 60 is removed. Stent
deployment catheter 40, which carries stent 45 in a collapsed state, is inserted over

support wire 25 and advanced to position within the region of interest as depicted in
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Fig. 6D. Stent 45 1s then expanded within lesion 101 to maintain lumenal patency
after atherectomy. In this way, exchange of endovascular devices can be easily
achieved without compromising the position of the support wire (which functions as a
cuidewire for insertion of medical devices) and obviate the need to insert another
guidewire. After stent deployment, catheter 40 1s withdrawn as depicted in Fig. 6E.
Fluid, such as saline or Ringer’s lactate, may be infused through lumen 11 to irrigate
within lesion 101 or to flush embolic debris mto filter 50. The proximal end of lumen
11 may alternatively be attached to suction to aspirate embolic material within region
101. Filter 50 remains expanded during atherectomy and stent deployment to capture
embolic debris, thereby minimizing the risk of distal embolization.

Alternatively, after filter 50 of Fig. 6B 1s positioned and expanded
downstream lesion 101, the tubular sheath 1s removed from the vessel as depicted n
Fig. 7A. Atherectomy catheter 60 1s advanced over support wire 25 to position within
lesion 101 as depicted in Fig. 7B. When deployment of stent 45 1s desired, catheter
60 1s removed and stent deployment catheter 40 1s inserted over support wire 25 to
position the stent within lesion 101 as depicted 1n Fig. 7C.

Another embodiment of a double rapid exchange (*double RX”) sheath 1s
depicted in Fig. 8. Sheath 10 comprises RX engagement section 22, a tubular
member, at the distal end of the sheath for engagement with, and to track over
conventional guidewire 20. A second RX engagement section or containment area
19, also a tubular member, is carried at the distal end of sheath 10 for containment and
deployment of filter wire 25, or other device. The body of sheath 10 comprises the
majority of the length of the sheath.

In use, conventional guidewire 20 1s used to gamn access to the filter
deployment site, lesion 101, as depicted in Fig. 8A. Sheath 10 (with filter wire 25
contained in second RX section 19) 1s delivered to deployment site 101 over
guidewire 20. The conventional guidewire i1s then withdrawn, as depicted 1n Fig. 8B,
and may then be removed from the patient. The proximal end of filter wire 25 is
gripped to maintain position, and sheath 10 is pulled proximal to deploy filter 50, as
depicted in Fig. 8C. Alternatively, the filter wire can be pushed distally to deploy the
filter. Sheath 10 may then be removed from the patient, as depicted i Fig. 8D. An

endoluminal catheter, optionally carrying a therapeutic device (such as an angioplasty
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catheter, a stent-deployment catheter, an atherectomy catheter, an infravascular
ultrasound catheter, a filter catheter, a guidewire, and an aspiration catheter), is then
advanced over filter wire 25 with filter 50 deployed. An interventional procedure 1s
then performed on the vessel with filter 50 m place to capture emboli dislodged
during the procedure. Recovery of the filter 1s accomplished with a second, separate
sheath 23 with only one RX section for contaimnment of the filter (1.e., no RX
engagement for a conventional guidewire), as depicted in Fig. 8E. A primary
advantage of the double RX design described herein 1s that both the conventional
guidewire and the filter wire or support wire can be of minimal length, and control of
both wires is maximized.

The length of the sheath will generally be between approximately 40 and
200 centimeters, preferably between approximately 60 and 80 centimeters. The inner
diameter of the sheath will generally be between approximately 0.05 and 1.0
centimeters, and for small vessels preferably approximately 0.07 and 0.2 centimeters,
whereas for large vessels preferably approximately 0.3 and 0.8 centimeters. The
length of the guidewire will generally be between approximately 30 and 300
centimeters, preferably between approximately 70 to 200 centimeters. The length of

. the support wire will generally be between approximately 30 and 300 centimeters,

preferably between approximately 70 to 200 centimeters. The outer diameter of the
guidewire will generally be between approximately 0.008 and 0.038 1inches,
preferably approximately 0.010 and 0.014 inches. The diameter of the expansion
frame on the filter device will be capable of expansion to an outer diameter of at least
0.2 cm, more preferably at least 1.5 cm, more preferably at least 2 cm, more
preferably at least 2.5 cm, more preferably at least 3 cm, more preferably at least 3.5
cm, more preferably at least 4 cm, more preferably at least 4.5 cm, more preferably at
least 5 cm, more preferably at least 5.5 cm, more preferably at least 6 cm. For carotid
use, the diameter of the expansion frame on the filter device will be capable of
expansion to an outer diameter of 5-7 mm. These ranges cover suitable diameters for
a variety of arteries and veins, and for both pediatric use and adult use. The foregoing
ranges are set forth solely for the purpose of illustrating typical device dimensions.
The actual dimensions of a device constructed according to the principles of the

present invention may obviously vary outside of the listed ranges without departing
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from those basic principles.

Although the foregoing invention has, for purposes of clarity of
understanding, been described 1 some detail by way of illustration and example, 1t
will be obvious that certain changes and modifications may be practiced which will

5  still fall within the scope of the appended claims. It will also be understood that each
feature of each embodiment discussed herein, and of each reference cited herein, can

be used in combination with the features of any other embodiment.
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What 1s claimed is:
1. A sheath for deployment of a medical device, comprising:

an elongate tubular member having a proximal end, a distal end, and a
lumen therebetween, the elongate tubular member having a first opening at the distal
end and a second opening proximal to the distal end;

a guidewire that passes through the first opening, through the lumen of
the elongate tubular member, and through the second opening; and

a support wire having a proximal end and a distal end, the support wire
being positioned within the lumen of the elongate tubular member, the support wire

adapted to receive an endoluminal medical device.

2. The sheath of claim 1, wherein the sheath is a rapid exchange

sheath.

3. The sheath of claim 1, wherein the second opening is a short

distance proximal to the distal end.

4. The sheath of claim 1, wherein the support wire further

comprises an expandable filter mounted on the distal end.

. The sheath of claim 4, wherein the support wire and filter are

positioned within the lumen of the elongate tubular member.

6. The sheath of claim 1, further comprising an endoluminal

medical device.

7. The sheath of claim 1, wherein the proximal end of the elongate

tubular member includes a hemostatic valve.

8. The sheath of claim 6, wherein the endoluminal medical device

is selected from the group consisting of an angioplasty catheter, a stent-deployment
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catheter, an atherectomy catheter, an intravascular ultrasound catheter, a filter

catheter, a guidewire, and an aspiration catheter.

0. The sheath of claim 1, wherein the second opening is located

10 centimeters proximal from the distal end.

10. A method for deploying an endoluminal medical device,
comprising the steps of:

providing an elongate tubular member having a proximal end, a distal
end, and a lumen therebetween, the elongate tubular member having a first opening at
the distal end and a second opening proximal to the distal end;

advancing a guidewire to a region of interest within a patient’s vessel;

passing a proximal end of the guidewire through the first opening,
through the lumen of the elongate tubular member, and through the second opening;

advancing the elongate tubular member over the guidewire until 1t is
positioned within a region of interest; and

advancing an endoluminal medical device through the lumen of the

elongate tubular member until 1t is positioned within the region of interest.

11.  The method of claim 10, wherein the second opening is a short

distance proximal to the distal end.
12. The method of claim 10, wherein the endoluminal medical

device 1s positioned within the lumen of the elongate tubular member before the step

of advancing the elongate tubular member over the guidewire.

13.  The method of claim 10, wherein the step of advancing the
guidewire to a region of inferest is completed before the step of passing a proximal

end of the guidewire through the first opening.

14,  The method of claim 10, further comprising the step of
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removing the guidewire.

15.  The method of claim 10, further comprising the step of

withdrawing the elongate tubular member.

16.  The method of claim 10, further comprising the step of

deploying the endoluminal medical device.

17. The method of claim 10, wherein the endoluminal medical

device is a support wire having a filter mounted on a distal end.

18.  The method of claim 17, further comprising the step of

advancing a second endoluminal medical device over the support wire.

19.  The method of claim 17, further comprising the step of

expanding the filter downstream of the region of interest.
20. The method of claim 10, wherein the vessel 1s an artery.

21.  The method of claim 20, wherein the artery is the mternal
carotid artery.

22.  The method of claim 20, wherein the artery 1s the common

carotid artery.
23.  The method of claim 20, wherein the artery 1s the aorta.

24.  The method of claim 10, wherein the elongate tubular member

is positioned upstream of a lesion.
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25. A sheath for deployment of a medical device, comprising an
elongate member having a proximal end and a distal end, the elongate member having
a first opening at the distal end, a second opening proximal to the distal end, and a
third opening proximal to the distal end, the first and second openings adapted to pass
a first elongate member, the first and third openings adapted to pass a second elongate

mempber.

26.  The sheath of claim 25, wherein the sheath 1s a rapid exchange
sheath.

27.  The sheath of claim 25, wherein the second opening is a short

distance proximal from the distal end.

28.  The sheath of claim 25, wherein the and a third opening 1s a

short distance proximal from the distal end.

29.  The sheath of claim 25, wherein the first elongate member is a

guidewire.

30.  The sheath of claim 25, wherein the second elongate member 1s

a support wire.

31.  The sheath of claim 29, wherein the guidewire passes through
the first opening and through the second opening.

32.  The sheath of claim 30, wherein the support wire has a filter
assoclated with a distal end, the support wire passing through the third opening of the

clongate member.

33.  The sheath of claim 32, wherein the filter is mounted on the
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distal end of the support wire.

34,  The sheath of claim 32, wherein the filter passes through the

first opening of the elongate tubular member.

35.  The sheath of claim 25, wherein the elongate member is an

elongate tubular member having a lumen between the proximal and distal ends.

36.  The sheath of claim 235, wherein the first and third openings are

joined by a lumen of a tubular member.

37. A method for deploying an endoluminal medical device,
comprising the steps of:

providing a first elongate member having a proximal end and a distal
end, the elongate member having a first opening at the distal end, a second opening
proximal to the distal end, and a third opening proximal to the distal end;

aélvancing a guidewire to a region of mterest within a patient’s vessel;

passing a ﬁroximal end of the guidewire through the first opening of
the elongate member, and through the second opening; and

advancing the elongate member over the guidewire until it 1s
positioned within the region of interest, the elongate member having an endoluminal

medical device carried at the distal end of the elongate member.

38.  The method of claim 37, wherein the second opening 1s a short

distance proximal to the distal end.

39.  The method of claim 37, wherein the third opening 1s a short

distance proximal to the distal end.

40. The method of claim 3 7," wherein the endoluminal medical

device 1s releasably carried at the distal end of the elongate member.
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41. The method of claim 37, wherein the endoluminal device 1s
associated with the distal end of a second elongate member that extends proximal

through the third opening, and 1s operable from a proximal end outside the patient’s
body.

42.  The method of claim 41, wherein the endoluminal device is

mounted at the distal end of a second elongate member.

43. The sheath of claim 41, wherein the endoluminal medical
device 1s selected from the group consisting of an angioplasty catheter, a stent-
deployment catheter, an atherectomy catheter, an intravascular ultrasound catheter, a

filter catheter, a guidewire, and an aspiration catheter.

44.  The method of claim 37, wherein the first elongate member is
an elongate tubular member having a lumen extending between the proximal and

distal ends.

45. The method of claim 44, wherein the endoluminal medical
device is positioned within the Iumen of the elongate tubular member before the step

of advancing the elongate tubular member over the gumidewsire.

46.  The method of claim 37, wherein the step of advancing the
guidewire to a region of mterest 1s completed before the step of passing a proximal

end of the guidewire through the first opening.

47.  The method of claim 37, further comprising the step of

removing the guidewire.

48.  The method of claim 37, further comprising the step of

withdrawing the elongate member.
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49,  The method of claim 48, further comprising the step of

deploying the endoluminal medical device.

50. The method of claim 37, wherein the endoluminal medical

device is a support wire having a filter associated with a distal end.

51.  The method of claim 37, further comprising the step of

advancing a second endoluminal medical device over the second elongate member.

52.  The method of claim 50, further comprising the step of

expanding the filter downstream of the region of interest.

53.  The method of claim 37, wherein the vessel 1s an artery.

54.  The method of claim 53, wherein the artery is selected from the
group consisting of an internal carotid artery, a saphenous vein graft, a renal artery, a

native coronary artery, a peripheral artery, a femoral artery, and an 1liac artery.

55.  The method of claim 53, wherein the artery 1s the common

carotid artery.

56.  The method of claim 53, wherein the artery 1s the aorta.

57.  The method of claim 37, wherein the elongate tubular member

is positioned upstream of a lesion.
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FIG. 8A
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FIG. 8C
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