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INTERVENTIONAL MEDICAL DEVICE HAVING

REDUCED FRACTURE RTSK

Cross-Reference To Related Applications

[0001] None.

Technical Field

[0002] The present invention relates to interventional medical devices, and, more

particularly, to an interventional medical device that reduces fracture risk to the patient.

Background Art

[0003] It is well known in the medical arts to use an interventional medical device, such

as a guide wire, angioplasty balloon, ultrasonic catheter, needle, or vascular filter, in the

diagnostics and/or treatment of a patient. The interventional medical device is configured

as an invasive device to be inserted into the tissue, vessel, or cavity of a patient. The

interventional medical device will be present in the patient for some period of time, with

the amount of time depending upon the type of device being used.

[0004] For example, during one type of atherectomy procedure, an ultrasonic catheter is

inserted into a blood vessel of a patient and is energized to break through a calcified

vascular occlusion in the blood vessel. The ultrasonic catheter includes a sheath having a

lumen, and a shaft, also referred to in the art as a corewire, which runs through the lumen

of the support shaft. A distal end portion of the corewire protrudes from the distal end of

the shaft, and the corewire is coupled to an ultrasonic energy source. When the ultrasonic

energy source is energized, the distal end portion of the corewire vibrates at the ultrasonic

frequency to produce a radial and axial vibrating motion of the distal end portion.

However, subjecting the distal end portion of the corewire to such movement at the

ultrasonic frequency may create a possibility of fracturing at the distal end portion of the

corewire.



[0005] As another example, it is known to use a vascular filter that is designed to

capture an embolism, e.g., a blood clot, which is traveling with the blood through the

blood vessel, so as to prevent the embolism from reaching the heart or lungs. The vascular

filter typically is configured as a structure that permits continued blood flow through the

blood vessel, while trapping the blood clot traveling in the blood stream. However, there

may be the potential for health complications if the vascular filter fractures and migrates in

the blood stream.

[0006] What is needed in the art is an interventional medical device configured such that

the portions of the interventional medical device that are subject to fracture and migration

within the patient are tied together, so as to reduce the risk of potential health

complications that the fractured portion of the device might pose to the patient.

Summary of Invention

[0007] The present invention provides an interventional medical device configured such

that the portions of the interventional medical device that are subject to fracture and

migration within a patient are tied together, so as to reduce the risk of potential health

complications that the fractured portion of the device might pose to the patient.

[0008] The invention in one form is directed to an interventional medical device, such as

an ultrasonic catheter that includes a flexible catheter body, a corewire, and a membrane.

The flexible catheter body has a proximal end, a distal end, and a lumen that extends

through the catheter body to the distal end. The corewire is positioned in the lumen of the

flexible catheter body. The corewire has a distal tip, a distal end portion, and a

transmission portion. The distal end portion extends proximally from the distal tip and the

transmission portion extends proximally from the distal end portion. The distal end

portion is configured to longitudinally extend in its entirety from the distal end of the

flexible catheter body. The membrane encapsulates at least the distal end portion of the



corewire. The membrane is configured to tie together a fractured portion of the distal end

portion of the corewire.

[0009] The invention in another form is directed to an interventional medical device,

such as an atherectomy device. The atherectomy device includes an elongate flexible

catheter body having a proximal end, a distal end, and a lumen extending from the

proximal end to the distal end. An ultrasound corewire extends longitudinally and

unattached through the lumen of the elongate flexible catheter body to facilitate excitation

of the ultrasound corewire within the elongate flexible catheter body. The ultrasound

corewire has a distal end portion and an active distal portion that includes the distal end

portion. The distal end portion is configured to extend distally past the distal end of the

elongate flexible catheter body so that the distal end portion of the ultrasound corewire is

fully exposed, and with a portion of the active distal portion being positioned in the lumen.

A membrane extends along the ultrasound corewire to encapsulate the active distal portion

of the ultrasound corewire.

[0010] The invention in another form is directed to an interventional medical device,

such as an intravascular device. The intravascular device includes a body and a plurality

of wire projections that extend from the body. The wire projections are spaced apart in an

annular pattern to form a vascular filter portion. A plurality of membrane portions is

configured to encapsulate each of the plurality of wire projections, with each membrane

portion of the plurality of membrane portions encapsulating a respective one of the

plurality of wire projections. Each membrane portion of the plurality of membrane

portions has a proximal end that is attached to the body.

[0011] The invention in another form is directed to a method of manufacturing an

interventional medical device. The method includes identifying at least one portion of the



interventional medical device that is subject to fracture and migration within a patient; and

applying a membrane over each portion of the interventional medical device that is subject

to fracture and migration, such that any fractured portion of each portion of the

interventional medical device that is subject to fracture and migration is tied together by

the membrane.

[0012] One advantage of the present invention is that the membrane ties the fractured

portion, e.g., having multiple fragments, of the interventional medical device together, and

may also tie the fractured portion to a unitary portion of the interventional medical device,

so as to help reduce the risk of the fractured pieces, e.g., fragments, of the fractured

portion migrating within the patient, and to allow the fractured portion to be retrieved

along with the interventional medical device by withdrawing the interventional medical

device from the patient.

[0013] Another advantage of the present invention is that the membrane also helps

reduce the risk of an occurrence of fracturing of an active portion of the interventional

medical device, but if fracturing does occur, then the membrane ties the fractured portion

together, so as to help reduce the risk of fragments of the fractured portion migrating

within the patient

Brief Description of Drawings

[0014] The above-mentioned and other features and advantages of this invention, and

the manner of attaining them, will become more apparent and the invention will be better

understood by reference to the following description of embodiments of the invention

taken in conjunction with the accompanying drawings, wherein:

[0015] Fig. 1 is side view of an elongate ultrasonic catheter in accordance with the

present invention, shown partially broken away, having a flexible catheter body and a

corewire, with the corewire in the retracted position.



[0016] Fig. 2 is an end view of the ultrasonic catheter of Fig. 1.

[0017] Fig. 3 is a section view of the flexible catheter body of the ultrasonic catheter of

Fig. 1, taken along line 3-3 of Fig. 2, showing the flexible catheter body in cross-section to

expose the corewire in the retracted position.

[0018] Fig. 4 is a section view corresponding to the section view of Fig. 3, showing the

corewire in the fully extended position.

[0019] Fig. 5 is a side view of the corewire of the ultrasonic catheter of Fig. 1, removed

from the flexible catheter body.

[0020] Fig. 6 is an enlargement of an active distal portion of the corewire (see Fig. 5)

that was damaged during operation, with the membrane sectioned away to expose

fragments of the fractured portion of the corewire.

[0021] Fig. 7 is a side view of a vascular filter in accordance with the present invention.

[0022] Corresponding reference characters indicate corresponding parts throughout the

several views. The exemplifications set out herein illustrate embodiments of the

invention, and such exemplifications are not to be construed as limiting the scope of the

invention in any manner.

Description of Embodiments

[0023] The present invention is directed to an interventional medical device, and method

for manufacturing the same, wherein at least one portion of the interventional medical

device that is subject to fracture and migration within a patient is identified. As used

herein, the term fracture refers to a breaking of the interventional medical device that

results in at least one fragment. A membrane, such as a polymer, is applied over each

portion of the interventional medical device that is subject to fracture and migration, such

that any fractured portion, e.g., having multiple fragments, of the interventional medical

device is tied together by the membrane which remains attached to the interventional



medical device. The specific embodiments shown in the drawings and described below

are directed to an ultrasonic catheter and a vascular filter, but those skilled in the art will

recognize that the principles of the invention, as set forth below in the description of the

embodiments and in the claims, may be applied to other types of interventional medical

devices.

[0024] Referring to Figs. 1-5, there is shown an embodiment of an interventional

medical device in accordance with an aspect of the present invention, which is in the form

of an ultrasonic catheter 10. Ultrasonic catheter 10 includes a catheter body 12 and a

corewire 14, sometimes also referred to in the art as an ultrasound corewire 14.

[0025] Referring to Fig. 1, catheter body 12 is an elongate structure having a proximal

end 16, a distal end 18, and a lumen 20 that extends through catheter body 12 from

proximal end 16 to distal end 18. Catheter body 12 may be made, for example, from a

flexible material, such as plastic or other flexible polymer material. In the present

embodiment, catheter body 12 has a single lumen 20. However, those skilled in the art

will recognize that lumen 20 may be one of a plurality of lumens present in catheter body

12.

[0026] Referring to Figs. 2-5, corewire 14 is positioned in lumen 20 of catheter body 12,

with corewire 14 being unattached to catheter body 12 so as to facilitate an excitation of

corewire 14 within catheter body 12, and to facilitate longitudinal movement of the

ultrasound corewire 14 within catheter body 12 between a retracted position 22, depicted

in Figs. 1 and 3, and a fully extended position 24, depicted in Fig. 4 . Alternatively, if

desired, corewire 14 may be non-retractable relative to catheter body 12, and permanently

fixed at the fully extended position 24.



[0027] Referring to Figs. 3-5, corewire 14 has a distal tip 26, a distal end portion 28, a

transmission portion 30, and a proximal end 32. Distal end portion 28 and transmission

portion 30 of corewire 14 are formed as a single unitary elongate member made of a

flexible metal, such as nitinol. Distal end portion 28 may include a head portion 28-1. In

some variations of corewire 14, it is contemplated that head portion 28-1 may be initially

formed as a separate component that is attached, e.g., via weld or adhesive, to corewire 14

in defining distal end portion 28. Distal end portion 28 extends proximally, i.e., in a

proximal direction, from distal tip 26, and transmission portion 30 further extends

proximally from distal end portion 28 to terminate at proximal end 32.

[0028] Proximal end 32 of corewire 14 is configured to be coupled to an ultrasound

energy source (not shown), which supplies axial and radial, e.g., transverse, ultrasonic

vibration to transmission portion 30 of corewire 14, and in turn to distal end portion 28.

Referring to Fig. 4, distal end portion 28 is configured to longitudinally extend in its

entirety from distal end 18 of the catheter body 12 when corewire 14 is in the fully

extended position 24. During operation, distal end 18 of catheter body 12 is separated by

a variable gap from head portion 28-1 ultrasound corewire 14, where the gap permits free

movement of active distal portion 34 of the ultrasound corewire 14 relative to catheter

body 12.

[0029] Referring to Figs. 3-5, an active distal portion 34 of corewire 14 is defined as a

portion of corewire 14 that may be subjected to the most intense longitudinal and

transverse ultrasonic vibration motions during ultrasonic activation. In the present

embodiment, active distal portion 34 of corewire 14 includes all of distal end portion 28

and includes a distal portion 30-1 of transmission portion 30 within lumen 20 of catheter

body 12. In particular, a portion of the active distal portion 34 is always positioned in



lumen 20, such that when distal end portion 28 extends distally in its entirety past distal

end 18 of catheter body 12 and is fully exposed, then a portion of active distal portion 34

remains positioned in lumen 20 at a distal end portion 12-1 of catheter body 12.

[0030] Referring to Figs. 1-7, a portion of corewire 14 is encapsulated by a membrane

36, wherein membrane 36 is represented in the drawings by stippling. Referring to Figs.

3-6, membrane 36 encapsulates at least distal end portion 28 of corewire 14, which is fully

exposed when corewire 14 is in the fully extended position 24 (see Fig. 4). Membrane 36

is formed from a polymer material, and has a thin wall thickness, e.g., 10 to 150 microns.

[0031] Membrane 36 is continuous around the entire metallic circumference of corewire

14 for the longitudinal extent of membrane 36. Membrane 36 longitudinally extends, i.e.,

covers, less than a full length of corewire 14, and in the present embodiment, extends an

entirety of the length of active distal portion 34. Referring also to Fig. 6, membrane 36 is

configured to tie together any fractured portion, e.g., having multiple fragments 14-1, 14-

2, 14-3, of distal end portion 28 and active distal portion 34 of corewire 14, and to bind the

fractured portion that includes fragments 14-1, 14-2, 14-3 to transmission portion 30 of

corewire 14.

[0032] As best shown in Fig. 4, membrane 36 extends a distance LI proximally from

distal tip 26 of corewire 14, wherein the distance LI corresponds to a length of active

distal portion 34, thus passing over distal end portion 28 and onto transmission portion 30

of corewire 14. In the present embodiment, the distance LI (length of active distal portion

34) is in a range of about 5.0 centimeters to about 6.4 centimeters, and a length L2 of

distal end portion 28 is about 3.8 centimeters to about 5.0 centimeters, with a portion of

membrane 36 extending a distance L3 into lumen 20 of catheter body 12.



[0033] As used herein, the term "about" is a range of plus or minus 10 percent of the

base amount.

[0034] Referring again to Fig. 6, if distal end portion 28 of corewire 14 becomes

fractured during operation, membrane 36 ties the fractured pieces, e.g., fragments 14-1,

14-2, 14-3, together and to transmission portion 30 of corewire 14 to help reduce the risk

of fragments 14-1, 14-2, 14-3 of the fractured portion migrating within the patient, and to

allow the fractured portion to be retrieved with corewire 14 by withdrawing corewire 14

from the patient.

[0035] In addition, in the present embodiment, referring again to Fig. 4, membrane 36

always extends at least distance L3 into lumen 20 of catheter body 12. In the present

embodiment, distance L3 is a distance of about 1.0 to about 1.3 centimeters into lumen 20

of catheter body 12 from distal end 18. Since membrane 36 is a polymer material that

covers the entire circumferential metallic surface of corewire 14 at active distal portion 34,

membrane 36 also serves as a mechanical damper in lumen 20 at distal end portion 12-1 of

catheter body 12, which in turn reduces the risk of an occurrence of a fracture of distal end

portion 28 of corewire 14. Further, this damping action facilitates a reduction in operating

frequency of the ultrasound source to achieve the same level of transverse ultrasound

vibration motion of distal end portion 28 of corewire 14.

[0036] Also, if the polymer of membrane 36 has anti-friction properties, membrane 36

may further reduce frictional wear at distal end portion 12-1 of catheter body 12, and in

turn reduce the amount of heat that is generated during ultrasonic activation of corewire

14.

[0037] In the present embodiment, membrane 36 may be formed as a coating that is

applied over distal end portion 28 of corewire 14, such as by one of chemical vapor or



physical vapor deposition, with the deposit being a polymer, such as a parylene polymer,

or alternatively, a fluoropolymer.

[0038] As a variation to applying a coating, membrane 36 may be formed as a polymer

sleeve having a closed distal end that is positioned over distal end portion 28 of corewire

14 and collapsed to tightly bind to the outer surface of corewire 14, e.g., at active distal

portion 34. For example, the sleeve may be made from an elastomer, such as rubber. It is

further contemplated that the sleeve may be formed from thermoplastic shrink tubing, such

as for example, shrink tubing made from polyolefin or PTFE.

[0039] Referring now to Fig. 7, there is shown another embodiment of an

interventional medical device in accordance with an aspect of the present invention, which

is in the form of an intravascular filter 50. Intravascular filter 50 includes a body 52, and a

plurality of wire projections 54 that extend from body 52. In the present embodiment, the

plurality of wire projections 54 includes six wire projections individually identified as

wire projection 54-1, wire projection 54-2, wire projection 54-3, wire projection 54-4,

wire projection 54-5, and wire projection 54-6. Wire projection 54-1, wire projection 54-

2, wire projection 54-3, wire projection 54-4, wire projection 54-5, and wire projection 54-

6 of the plurality of wire projections 54 are spaced apart in an annular pattern to form a

vascular filter portion 56.

[0040] A plurality of membrane portions 58 is configured to encapsulate each of the

plurality of wire projections 54. In Fig. 7, each of the plurality of membrane portions 58 is

represented by stippling. Each of the plurality of membrane portions 58 is individually

identified as membrane portion 58-1, membrane portion 58-2, membrane portion 58-3,

membrane portion 58-4, membrane portion 58-5, and membrane portion 58-6,

respectively. Each membrane portion 58-1, 58-2, 58-3, 58-4, 58-5, 58-6 of the plurality of



membrane portions 58 encapsulates a respective wire projection 54-1, 54-2, 54-3, 54-4,

54-5, 54-6 of the plurality of wire projections 54.

[0041] Each membrane portion 58-1, 58-2, 58-3, 58-4, 58-5, 58-6 of the plurality of

membrane portions 58 is formed from a polymer material, and has a thin wall thickness,

e.g., 10 to 150 microns, that is continuous around the respective wire projection 54-1, 54-

2, 54-3, 54-4, 54-5, 54-6 of the plurality of wire projections 54. Each membrane portion

58-1, 58-2, 58-3, 58-4, 58-5, 58-6 of the plurality of membrane portions 58 has a proximal

end 60 that is attached, e.g., adhered, to body 52.

[0042] For example, each membrane portion 58-1, 58-2, 58-3, 58-4, 58-5, 58-6 of the

plurality of membrane portions 58 may be applied as a coating to encapsulate the

respective wire projection 54-1, 54-2, 54-3, 54-4, 54-5, 54-6 of the plurality of wire

projections 54. In particular, each membrane portion 58-1, 58-2, 58-3, 58-4, 58-5, 58-6 of

the plurality of membrane portions 58 may be applied by chemical vapor deposition or

physical vapor deposition, with the deposit being a polymer, such as for example, a

parylene polymer, or alternatively, a fluoropolymer.

[0043] Alternatively, each membrane portion 58-1, 58-2, 58-3, 58-4, 58-5, 58-6 of the

plurality of membrane portions 58 may be a respective sleeve that covers, e.g.,

encapsulates, the exposed portion of the respective wire projection 54-1, 54-2, 54-3, 54-4,

54-5, 54-6 of the plurality of wire projections 54, and attached, i.e., adhered, to body 52.

For example, each sleeve may be made from a polymer, such as an elastomer, e.g., rubber.

It is further contemplated that each sleeve may be formed from thermoplastic shrink

tubing, such as for example, shrink tubing made from polyolefin or PTFE.

[0044] While this invention has been described with respect to at least one embodiment,

the present invention can be further modified within the spirit and scope of this disclosure.



This application is therefore intended to cover any variations, uses, or adaptations of the

invention using its general principles. Further, this application is intended to cover such

departures from the present disclosure as come within known or customary practice in the

art to which this invention pertains and which fall within the limits of the appended

claims.



Claims

What is claimed is:

1. An ultrasonic catheter, comprising:

a flexible catheter body having a proximal end, a distal end, and a lumen that

extends through the catheter body to the distal end;

a corewire positioned in the lumen of the flexible catheter body, the corewire

having a distal tip, a distal end portion, and a transmission portion, the distal end portion

extending proximally from the distal tip and the transmission portion extending proximally

from the distal end portion, the distal end portion configured to longitudinally extend in its

entirety from the distal end of the flexible catheter body; and

a membrane that encapsulates at least the distal end portion of the corewire, the

membrane configured to tie together a fractured portion of the distal end portion of the

corewire.

2 . The ultrasonic catheter according to claim 1, wherein the membrane extends

proximally from the distal tip of the corewire by a first distance, the first distance passing

over the distal end portion and onto the transmission portion of the corewire, the first

distance being less than a full length of the corewire.

3 . The ultrasonic catheter according to claim 2, wherein the first distance is about

5.0 centimeters to about 6.4 centimeters.

4 . The ultrasonic catheter according to any one of claims 1 to 3, wherein the

membrane is applied as a coating over the distal end portion of the corewire.

5 . The ultrasonic catheter according to any one of claims 1 to 4, wherein the

membrane is applied to the distal end portion of the corewire by one of chemical vapor

deposition or physical vapor deposition.



6 . The ultrasonic catheter according to any one of claims 1 to 3, wherein the

membrane is a sleeve that is positioned over the distal end portion of the corewire.

7 . The ultrasonic catheter according to any one of claims 1 to 6, wherein the

membrane is made of a polymer material.

8. An atherectomy device, comprising:

an elongate flexible catheter body having a proximal end, a distal end, and a lumen

extending from the proximal end to the distal end;

an ultrasound corewire that extends longitudinally and unattached through the

lumen of the elongate flexible catheter body to facilitate excitation of the ultrasound

corewire within the elongate flexible catheter body, the ultrasound corewire having a distal

end portion and an active distal portion that includes the distal end portion, the distal end

portion configured to extend distally past the distal end of the elongate flexible catheter

body so that the distal end portion of the ultrasound corewire is fully exposed, and with a

portion of the active distal portion being positioned in the lumen; and

a membrane extending along the ultrasound corewire to encapsulate the active

distal portion of the ultrasound corewire.

9 . The atherectomy device according to claim 8, wherein the elongate flexible

body distal end is separated by a gap from the ultrasound corewire, where the gap permits

free movement of the active distal portion of the ultrasound corewire relative to the

elongate flexible catheter body.

10. The atherectomy device according to claim 8, wherein the membrane extends

proximally from a distal tip by a first distance along the ultrasound corewire, the first

distance being less than a full length of the ultrasound corewire.



11. The atherectomy device according to claim 10, wherein the first distance is

about 5.0 centimeters to about 6.4 centimeters.

12. The atherectomy device according to any one of claims 8 to 11, wherein the

membrane is applied as a coating over the active distal portion of the ultrasound corewire.

13. The atherectomy device according to any one of claims 8 to 12, wherein the

membrane is applied to the active distal portion of the ultrasound corewire by one of

chemical vapor deposition or physical vapor deposition.

14. The atherectomy device according to any one of claims 8 to 13, wherein the

membrane is made of a parylene polymer material.

15. The atherectomy device according to any one of claims 8 to 11, wherein the

membrane is a sleeve that is positioned over the active distal portion of the ultrasound

corewire.

16. An intravascular device, comprising:

a body;

a plurality of wire projections that extends from the body, the plurality of wire

projections being spaced apart in an annular pattern to form a vascular filter portion; and

a plurality of membrane portions configured to encapsulate each of the plurality of

wire projections, with each membrane portion of the plurality of membrane portions

encapsulating a respective one of the plurality of wire projections, and each membrane

portion of the plurality of membrane portions having a proximal end that is attached to the

body.

17. The intravascular device according to claim 16, wherein each membrane

portion of the plurality of membrane portions is applied as a coating over the respective

one of the plurality of wire projections.



18. The intravascular device according to any one of claims 16 and 17, wherein

each membrane portion of the plurality of membrane portions is applied by one of

chemical vapor deposition or physical vapor deposition.

19. The intravascular device according to claim 16, wherein each membrane

portion of the plurality of membrane portions is a sleeve.

20. A method of manufacturing an interventional medical device, comprising:

identifying at least one portion of the interventional medical device that is subject

to fracture and migration within a patient; and

applying a membrane over each portion of the interventional medical device that is

subject to fracture and migration, such that any fractured portion of each portion of the

interventional medical device that is subject to fracture and migration is tied together by

the membrane.

21. The method according to claim 20, wherein the interventional medical device

is an ultrasonic catheter.

22. The method according to claim 20, wherein the interventional medical device

is an ultrasonic catheter, the ultrasonic catheter including:

a flexible catheter body having proximal end, a distal end, and a lumen that

extends through the catheter body to the distal end;

a corewire positioned in the lumen of the flexible catheter body, the corewire

configured to move in the lumen between a retracted position and a fully extended

position, the corewire having a distal tip, a distal end portion, and a transmission portion,

the distal end portion extending proximally from the distal tip and the transmission portion

extending proximally from the distal end portion, the distal end portion configured to



longitudinally extend in its entirety from the distal end of the flexible catheter body when

the corewire is in the fully extended position; and

wherein the membrane encapsulates at least the distal end portion of the corewire,

the membrane configured to tie together a fractured portion of the distal end portion of the

corewire.

23. The method according to claim 22, wherein the membrane extends proximally

from the distal tip of the corewire by a first distance, the first distance passing over the

distal end portion and onto the transmission portion of the corewire, the first distance

being less than a full length of the corewire.

24. The method according to claim 22, wherein the membrane extends proximally

from the distal tip of the corewire by a first distance, the first distance passing over the

distal end portion and onto the transmission portion of the corewire, the first distance

being about 5.0 centimeters to about 6.4 centimeters.

25. The method according to any one of claims 22 to 24, wherein the membrane is

applied as a coating over the distal end portion of the corewire.

26. The method according to any one of claims 22 to 24, wherein the membrane is

a sleeve that is positioned over the distal end portion of the corewire.

27. The method according to any one of claims 22 to 24, wherein the membrane is

applied to the distal end portion of the corewire by one of chemical vapor deposition or

physical vapor deposition.

28. The method according to any one of claims 20 to 27, wherein the membrane is

made of a fluoropolymer material.

29. The method according to claim 20, wherein the interventional medical device

is an intravascular filter.



30. The method according to claim 20, wherein the interventional medical device

is an intravascular filter, the intravascular filter including:

a body,

a plurality of wire projections that extends from the body, the plurality of wire

projections being spaced apart in an annular pattern to form a vascular filter portion; and

wherein the membrane includes a plurality of membrane portions configured to

encapsulate each of the plurality of wire projections, with each membrane portion of the

plurality of membrane portions encapsulating a respective one of the plurality of wire

projections, and each membrane portion of the plurality of membranes having a proximal

end that is attached to the body.

31. The method according to claim 30, wherein each membrane portion of the

plurality of membrane portions is applied as a coating over the respective one of the

plurality of wire projections.

32. The method according to any one of claims 30 and 31, wherein each

membrane portion of the plurality of membrane portions is applied by one of chemical

vapor deposition or physical vapor deposition.

33. The method according to claim 30, wherein each membrane portion of the

plurality of membrane portions is a sleeve.









A . CLASSIFICATION O F SUBJECT MATTER

INV. A61B17/22 A61F2/01 A61B17/3203
ADD.

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

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B A61F

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 practicable, search terms used)

EPO-Internal , WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

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

US 2013/023897 Al (WALLACE MICHAEL P [US] ) 1-15 ,
24 January 2013 (2013-01-24) 20-28
c b s c c
paragraphs [0009] - [0049] , [0072] -
[0193] ; f i gures 1-15

W0 2016/081026 Al (BARD INC C R [US] ) 1-15 ,
26 May 2016 (2016-05-26) 20-28
c s c c
paragraphs [0005] - [0010] , [0021] -
[0055] ; f i gures 1-8

US 5 387 190 A (G0TANDA MASAKAZU [JP] ET 1-15 ,
AL) 7 February 1995 (1995-02-07) 20-28
abstract
col umn 5, l i ne 51 - col umn 6, l i ne 5;
f i gures 7-10

-/-

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

* Special categories of cited documents :
"T" later document published after the international filing date o r priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle o r theory underlying the invention

to be of particular relevance

"E" earlier application o r patent but published o n or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation o r other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition o r other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

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

1 June 2018 08/06/2018

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,
Fax: (+31-70) 340-3016 Ioanovi ci , T



INTERNATIONAL SEARCH REPORT

Box No. II 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:

□ Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ 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 . □I I 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 No. Ill 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:

see addi t i onal sheet

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

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

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 . I I 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 and, where applicable, the
' ' payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
' ' fee was not paid within the time limit specified in the invitation.

IX INo protest accompanied the payment of additional search fees.

Form PCT/ISA/21 0 (continuation of first sheet (2)) (April 2005)



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

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

A US 2016/022306 Al (DU SHU [US] ET AL) 1-15,

28 January 2016 (2016-01-28) 20-28
abstract
paragraphs [0005] , [0028] , [0052] ,
[0068], [0070] - [0075]; figures 3-10

A W0 92/11815 A2 (BAXTER INT [US]; SONICSTAR 1-15,

INTERNATIONAL LTD [US]; SIEGEL ROBERT J 20-28
[US) 23 July 1992 (1992-07-23)
abstract
pages 5,10,31; figures 13-14

X W0 2008/150863 Al (BARD INC C R [US]) 16-19,
11 December 2008 (2008-12-11) 29-33
abstract
page 6 , line 6 - line 27

page 7 , lines 19-29
page 9 , line 13 - page 11, line 19;

figures 1-6

X US 2001/039431 Al (DEVRIES ROBERT B [US] 16-19,
ET AL) 8 November 2001 (2001-11-08) 29-33
abstract
paragraphs [0038] - [0044] , [0054] -
[0057]; figures 1,3-8

X US 2006/069405 Al (SCHAEFFER DARIN G [US] 16,17,31
ET AL) 30 March 2006 (2006-03-30)
c b s cc
paragraphs [0026] - [0027], [0044] -
[0047] ; figures 1-7

A EP 2 967 606 A2 (VOLCANO CORP [US]) 16-19,
20 January 2016 (2016-01-20) 29-33
c s cc
paragraphs [0022] - [0023], [0056] -
[0059] ; figure 9

page 2 of 2



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

US 2013023897 Al 24-01 -2013 NONE

o 2016081026 Al 26-05 -2016 NONE

us 5387190 A 07-02 -1995 P 2598474 B2 09-04-1997
P H01250241 A 05-10-1989

US 5387190 A 07-02-1995

us 2016022306 Al 28-01 -2016 AU 2013331484 Al 04-06-2015
CN 104780853 A 15-07-2015
EP 2908740 A2 26-08-2015
US 2014107534 Al 17-04-2014
US 2016022306 Al 28-01-2016
WO 2014062646 A2 24-04-2014

o 9211815 A2 23-07 -1992 CA 2099011 C 28-03-2000
DE 69231357 Dl 21-09-2000
DE 69231357 T2 22-02-2001
DE 69232059 Dl 18-10-2001
DE 69232059 T2 13-06-2002
EP 0566656 Al 27-10-1993
EP 0835644 A2 15-04-1998

P H06507081 A 11-08-1994
US 5304115 A 19-04-1994
US 5326342 A 05-07-1994
US 5397301 A 14-03-1995
US 5540656 A 30-07-1996
WO 9211815 A2 23-07-1992

wo 2008150863 Al 11-12 -2008 US 2008300620 Al 04-12-2008
WO 2008150863 Al 11-12-2008

us 2001039431 Al 08-11 -2001 AU 2972901 A 07-08-2001
CA 2396708 Al 02-08-2001
EP 1253872 Al 06-11-2002

P 4652654 B2 16-03-2011
J P 2003521309 A 15-07-2003
US 6342063 Bl 29-01-2002
US 2001039431 Al 08-11-2001
WO 0154617 Al 02-08-2001

us 2006069405 Al 30-03 -2006 AT 545385 T 15-03-2012
AU 2005286894 Al 30-03-2006
CA 2580742 Al 30-03-2006
DK 1799147 T3 14-05-2012
EP 1799147 Al 27-06-2007
J P 2008513147 A 01-05-2008
US 2006069405 Al 30-03-2006
WO 2006034233 Al 30-03-2006

EP 2967606 A2 20-01 -2016 CN 105208947 A 30-12-2015
EP 2967606 A2 20-01-2016
J P 2016513544 A 16-05-2016
US 2016015507 Al 21-01-2016
US 2016030151 Al 04-02-2016
WO 2014152365 A2 25-09-2014



International Application No. PCT/ US2017/ 049372

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Thi s Internati onal Searchi ng Authori t y found mul t i pl e (groups of)
i nventi ons i n thi s i nternati onal appl i cati on , as fol l ows :

1. cl aims : 1-15 , 20-28

Ul trasoni c devi ce wi t h a f l exi bl e catheteter body and an
ul trasoni c corewi r e havi ng a l ongi tudi nal l y extendi ng di stal
end porti on and a membrane that encapsul ates the corewi r e
di stal end porti on .

2. cl aims : 16-19 , 29-33

Intravascul ar f i l ter compri si ng a body and a pl ural i t y of
wi r e projecti ons spaced apart i n an annul ar pattern , the
wi r e projecti ons bei ng encapsul ated i n membrane porti ons
whi ch are attached t o the body.


	abstract
	description
	claims
	drawings
	wo-search-report

