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TITLE 

MEDICAL DEVICE DELIVERY SYSTEMS THAT FACILITATE MEDICAL DEVICE 
PLACEMENT IN THE PRESENCE OF ULTRASONIC WAVES 

CROSS REFERENCE 

[0001] The present patent application claims priority to the 
provisional patent application identified by U.S. Serial No. 60/681,203, 
filed on May 13, 2005, the entire content of which is hereby expressly 
incorporated herein by reference.  

FIELD 

[0002] Medical device delivery systems for implanting an intraluminal medical 
device at a point of treatment in a body vessel are described. Methods of implanting 
medical devices at a point of treatment and methods of fabricating medical device 
delivery systems are also described.  

BACKGROUND 

[0003] Minimally invasive techniques and instruments for placement of 
intraluminal medical devices have been developed over recent years and are 
frequently used to deliver an intraluminal medical device to a desired point of 
treatment and to deploy the intraluminal medical device at the point of treatment. In 
these techniques, a delivery system is used to carry the intraluminal medical device 
through a body vessel and to the point of treatment. Once the point of treatment is
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reached, the intraluminal medical device is deployed from the delivery system for 
implantation. The delivery system is subsequently withdrawn from the point of 
treatment and, ultimately, the body vessel. A wide variety of treatment devices that 
utilize minimally invasive technology have been developed including stents, stent 
grafts, occlusion devices, infusion catheters, prosthetic valves, and the like.  
[0004] Some intraluminal medical devices, such as prosthetic valves, include 
a functional mechanism which is sensitive to positioning in the body vessel. For 
example, prosthetic venous valves may include a valve orifice that is desirably 
positioned within a body vessel in a particular orientation. Also, some drug eluting 
stents may include a drug or other bioactive localized to a particular portion of the 
medical device, such as a particular circumferential portion. It may be desirable to 
position the portion containing the drug or other bioactive adjacent a particular 
portion of the vessel.  

[0005] Unfortunately, conventional delivery systems do not allow a user to 
easily position intraluminal medical devices in a particular orientation within the body 
vessel. Accordingly, there is a need for improved delivery systems for implanting 
intraluminal medical devices within body vessels.  

SUMMARY OF EXEMPLARY EMBODIMENTS 

[0006] Delivery systems for placing an intraluminal medical device at a point 
of treatment in a body vessel are described. Delivery systems according to 
exemplary embodiments facilitate placement of an intraluminal medical device in a 
particular orientation within the body vessel.  
[0007] In one exemplary embodiment, a delivery system according to the 
invention comprises an elongate tubular member having proximal and distal ends 
and defining a passageway that extends between the ends. The tubular member 
has first and second wall portions, and the second wall portion is adapted to reflect 
ultrasonic waves differently than the first wall portion. A dilator that defines a 
mounting region is disposed within the passageway and an intraluminal medical 
device is disposed on the mounting region.  
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[0008] In another exemplary embodiment, a delivery system according to the 
invention comprises an elongate tubular member having a proximate end and a 
distal end. The tubular member has a circumferential wall formed of a material and 
defines a passageway extending between the proximal and distal ends. A dilator 
that defines a mounting region is disposed within the passageway and an 
intraluminal medical device is disposed on the mounting region. A first plurality of 
chambers is formed in the circumferential wall and disposed adjacent a portion of the 
intraluminal medical device, and a second plurality of chambers is formed in the 
circumferential wall and disposed adjacent another portion of the medical device.  
Each chamber of the pluralities of chambers includes a substance that is different 
from the material of the circumferential wall. The substance in the chambers 
advantageously has a density that is different than the density of the material of the 
circumferential wall.  

[0009] In exemplary embodiments, one or more wall portions of the elongate 
tubular member that reflect ultrasound waves differently than one or more other wall 
portions is positioned adjacent a functional mechanism of the intraluminal medical 
device. In one particular embodiment, such a wall portion is positioned adjacent a 
structural member of a valve device that at least partially defines a valve orifice. In 
another particular embodiment, such a wall portion is positioned adjacent a discrete 
portion of an intraluminal medical device that includes a drug or other bioactive.  
[0010] Methods of implanting intraluminal medical devices at a point of 
treatment in a body vessel are also described. One exemplary method comprises 
the step of providing a medical device delivery system that includes an elongate 
tubular member that has first and second wall portions that reflect ultrasonic waves 
differently, a dilator that defines a mounting region disposed within the elongate 
tubular member, and an intraluminal medical device disposed on the mounting 
region. In another step, the distal end of the delivery system is advanced through 
the body vessel until the intraluminal medical device is positioned substantially at a 
desired point of treatment within the body vessel. In another step, at least a portion 
of the delivery system is visualized using ultrasonic waves. In another step, the 
orientation of the intraluminal medical device is verified using the differential 
reflection of the ultrasonic waves by the first and second wall portions. In an optional 

3
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step, the delivery system is rotated within the body vessel until a desired orientation 

of the intraluminal medical device is achieved. In another step, the intraluminal 

medical device is deployed from the delivery system. In another step, the delivery 

system is retracted from the body vessel.  

[0011] Methods of fabricating medical device delivery systems are also 

described. One exemplary method comprises the step of providing an elongate 

tubular member that has first and second wall portions that reflect ultrasonic waves 

differently, a dilator that defines a mounting region, and an intraluminal medical 

device. In another step, the intraluminal medical device is disposed on the mounting 

region of the dilator. In another step, the dilator is disposed within a passageway 

defined by the elongate tubular member. In another step, the circumferential 

position of at least one of the first and second wall portions is verified relative to one 

or more portions of the intraluminal medical device. In an optional step, at least one 

of the elongate tubular member and the dilator is rotated relative to the other until a 

desired orientation of the intraluminal medical device relative to at least one of the 

first and second wall portions is achieved.  

[0012] Additional understanding of the invention can be gained with review of 

the following detailed description of exemplary embodiments and reference to the 

appended drawings illustrating the exemplary embodiments.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Figure 1 is a perspective view of a delivery system according to a first 

exemplary embodiment.  

[0014] Figure 2 is a sectional view of the distal end of the delivery system 

illustrated in Figure 1.  

[0015] Figure 3 is a perspective view of the distal end of the delivery system 

illustrated in Figure 1.  

[0016] Figure 4 is a sectional view of the delivery system illustrated in Figure 

3.  

[0017] Figure 5 is a sectional view of a delivery system according to an 

alternate embodiment.  
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[0018] Figure 6 is a sectional view of a delivery system according to another 
alternate embodiment.  

[0019] Figure 7 is a sectional view of a delivery system according to another 
alternate embodiment.  

[0020] Figure 8 is a schematic sectional view of a body vessel in which the 
delivery system of Figure 1 is disposed.  

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

[0021] The following detailed description and the appended drawings describe 
and illustrate various exemplary embodiments. The description and drawings serve 
to enable one skilled in the art to make and use the invention, and are not intended 
to limit the scope of the invention, or its protection, in any manner.  
[0022] Figures 1 through 4 illustrate a delivery system 10 according to a first 
exemplary embodiment. The delivery system 10 includes an elongate tubular 
member 12 having a distal end 14 which is insertable in a body vessel and a 
proximal end 16 that can be coupled to a connector 18, such as a Touhy-Borst 
adapter. The elongate tubular member 12 defines a passageway 20 that extends 
between the proximal 16 and distal 14 ends.  
[0023] A dilator 22 is disposed in the passageway 20 and defines a mounting 
region 24. As used herein, the term "dilator" refers to an elongate member capable 
of being disposed within a lumen of a sheath, such as tubular member 12. An 
intraluminal medical device 26 is disposed on the mounting region 24.  
[0024] The elongate tubular member 12 is advantageously formed of a flexible 
material, such as a plastic or other polymeric material. The elongate tubular member 
12 includes a circumferential wall 28 that extends between the proximal 16 and distal 
14 ends, and bounds the passageway 20. The circumferential 28 wall includes first 
30 and second 32 wall portions.  

[0025] The second wall portion 32 is adapted to reflect ultrasonic waves 
differently than the first wall .portion 30. Any structural adaptations that provide the 
desired differential ultrasound reflection can be used in, on or with the second wall 
portion 32. A variety of structural adaptations suitable for achieving the desired 
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differential acoustic impedence are known and any suitable adaptation can be used 

in any particular embodiment. Examples of suitable adaptions include, but are not 

limited to, those described in United States Patent No. 5, 201, 314 to Bosley et al. for 

ECHOGENIC DEVICES, MATERIAL AND METHOD, the entire disclosure of which 

is hereby expressly incorporated into this disclosure. Examples of specific adaptions 

include hollow chambers, filled chambers, dimples, indentations, embedded 

particles, particles disposed on a surface, embedded sections of material, and 

sections of material disposed on a surface.  

[0026] As best illustrated in Figure 3, the second wall portion 32 can include a 

plurality of chambers 34 formed in the circumferential wall 28. Each chamber 34 

includes a substance 36 that is different from the material forming the circumferential 

wall 28. For plastic elongate tubular members 12, the substance is advantageously 

a fluid, such as a liquid or gas. It is recognized, though, that other types of 

substances can be used, including solids and gels. Examples of suitable substances 

in the chambers 34 include saline and carbon dioxide. Examples of other suitable 

structural adaptations include the inclusion of a material in the second wall portion 

that is different than the material of the first wall portion 30. A suitable material can 

be selected based on relative density compared to the material of the first wall 

portion 30. If the density of the material is different than the density the material of 

the first wall portion 30, the desired differential ultrasound reflection will be achieved 

as the acoustic impedence of a material is directly related to its density. Specific 

examples of suitable materials for use in the second wall portion include metals and 

glass particles, which can include a coating. Each of these types of materials is 

advantageously used with plastic elongate tubular members and can be embedded 

within the material of the elongate tubular member, disposed on a surface of the 

elongate tubular member, or both.  

[0027] The first 30 and second 32 wall portions can be disposed in any 

desired location relative to the elongate tubular member 12. In exemplary 

embodiments, such as those illustrated in Figures 4 and 5, both portions 30, 32 can 

be positioned adjacent the mounting region 24 and the associated intraluminal 

medical device 22. A circumferential pattern that includes alternating first 30 and 

second 32 wall portions, such as that illustrated in Figures 4 and 5, is considered 
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particularly advantageous as it facilitates achievement of a desired orientation of the 

intraluminal medical device 22 within the body vessel. Furthermore, the second wall 

portion 32 can be positioned adjacent a particular portion of the intraluminal medical 

device 22, such as a functional mechanism, as described in more detail below.  

[0028] The inclusion of structural adaptations that provide the desired 

differential ultrasound reflection enables the delivery devices according to the 

invention to be used with ultrasound emitting equipment for visualization purposes, 

which offer cost and patient convenience benefits over more costly and less 

accessible alternative visualization equipment, such as fluoroscopy equipment.  

[0029] The dilator 22 is disposed within the passageway 20 of the elongate 

tubular member 12 and provides the mounting region 24 on which the intraluminal 

medical device 26 is disposed. As best illustrated in Figure 2, the dilator 22 includes 

a distal end 40 that defines a tapered surface 42 that facilitates placement of the 

delivery system 10 into a body vessel and its navigation through the body vessel.  

The dilator 40 defines a wireguide lumen 44. That enables the delivery device to be 

advanced over a wireguide in conventional fashion. The wireguide lumen 44 can 

extend along the entire length of the dilator 40, which is useful in over-the-wire 

applications of the invention, or only along a portion of the entire length of the dilator 

40, which is useful in rapid exchange applications. The dilator 40 can be formed of 

any suitable material. Plastic materials are considered advantageous at least 

because of their pushability, flexibility, and well-characterized biocompatibility.  

[0030] The intraluminal medical device 26 can be any suitable intraluminal 

medical device, including self-expandable devices and devices that require input of 

additional force to effect expansion, such as balloon expandable intraluminal medical 

devices. Delivery systems according to the invention are particularly will suited for 

use in deployment of self-expandable prosthetic devices. Accordingly, a self

expandable prosthetic device can be disposed on the mounting region 24 of the 

dilator 40. Any suitable type of self-expandable prosthetic device can be used with 

the delivery systems according to the invention, including self-expandable stents, 

prosthetic valves that include a self-expandable support frame, such as prosthetic 

valves for implantation in a vein (prosthetic venous valves), self-expandable filters, 

distal protection devices, vessel occluders, heart valve devices, and other self
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expandable devices. Suitable self-expandable prosthetic devices for use with 

delivery systems according to the invention include those described in United States 

Patent No. 6,200,336 to Pavcnik et al. for a MULTIPLE-SIDED INTRALUMINAL 

MEDICAL DEVICE; United States Application for Patent Serial No. 10/642,372 of 

Pavcnik et aL for an IMPLANTABLE VASCULAR DEVICE, filed on August 15, 2003; 

and United States Application for Patent Serial No. 10/828,716 of Case et al. for an 

ARTIFICIAL VALVE PROSTHESIS WITH IMPROVED FLOW DYNAMICS, filed on 

April 21, 2004; United States Patent No. 6,096,070 to Ragheb et al. For a COATED 

IMPLANTABLE MEDICAL DEVICE; and United States Patent No. 6,562,065 to 

Shanley for an EXPANDABLE MEDICAL DEVICE WITH BENEFICIAL AGENT 

DELIVERY MECHANISM; the entire disclosures of which are hereby incorporated 

into this disclosure for the purpose of describing suitable intraluminal medical 

devices for use with delivery systems according to the invention.  

[0031] The structural adaptations of the second wall portion 32 are 

advantageously disposed adjacent a portion of the intraluminal medical device 26.  

This positioning allows a user of the delivery system 10 to verify a positioning of the 

intraluminal medical device 26 within a body vessel prior to deployment. This is 

particularly useful in deployment procedures of intraluminal medical devices that 

require or benefit from a particular positioning relative to the vessel itself of another 

anatomical landmark. For example, some intraluminal medical devices include a 

functional mechanism that is discretely located on or associated with a portion of the 

intraluminal medical device. For these types of devices, it may be desirable to orient 

such functional mechanisms in a particular orientation within the body vessel. In 

exemplary embodiments, the structural adaptions of the second wall portion 32 are 

advantageously disposed substantially adjacent the functional mechanism of the 

intraluminal medical device. This positioning facilitates placement of the intraluminal 

medical device in a desired orientation within the body vessel.  

[0032] As best illustrated in Figure 4, the delivery system according to the first 

exemplary embodiment includes second 32 and third 50 wall portions. The third wall 

portion 50 includes structural adaptations that provide the desired different reflection 

of ultrasonic waves as compared to reflection by the first wall portion 30. The third 

8
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wall portion 50 can include the same or different structural adaptations as the second 

wall portion 32. Any suitable number of wall portions that reflect ultrasonic waves 

differently than the first wall portion 30 can be used, and the specific number chosen 

will depend on various considerations, including the structure of the intraluminal 

medical device 26 and/or the number of functional mechanisms associated with the 

intraluminal medical device 22. Figure 5 illustrates an alternate embodiment in 

which second 32, third 50, fourth, 52, and fifth 54 wall portions with different 

ultrasonic wave reflection properties, as compared to the first wall portion 30, are 

included.  

[0033] Figure 6 illustrates an alternative embodiment in which the intraluminal 

medical device comprises a valve device 122 that includes first 180 and second 182 

structural members that cooperatively define a valve orifice 184 with an attached 

graft member 186. Second 132 and third 150 wall portions, which include structural 

adaptations that cause these portions to reflect ultrasound waves differently than a 

first wall portion 130, are positioned substantially adjacent the first 180 and second 

182 structural members. This allows a user of the delivery system to verify a 

positioning of the valve orifice 184 of the valve device 122 prior to deployment, which 

is believed to be advantageous at least because it will allow the orifice to be 

positioned in an ideal orientation within the body vessel and/or relative to an 

anatomical landmark of interest, such as a natural valve.  

[0034] Figure 7 illustrates an alternative embodiment in which the intraluminal 

medical device comprises an intraluminal support frame 222, such as a stent, that 

includes first 280 and second 282 structural members that each include an 

associated coating 284 comprising a drug or other bioactive. Second 232 and third 

250 wall portions, which include structural adaptations that cause these portions to 

reflect ultrasound waves differently than a first wall portion 230, are positioned 

substantially adjacent the first 280 and second 282 structural members. This allows 

a user of the delivery system to verify a positioning of the structural members 280, 

282 that include the coating 284 prior to deployment, which is believed to be 

advantageous at least because it will allow the coating 284 to be positioned in an 

ideal orientation within the body vessel and/or relative to an anatomical landmark of 

interest, such as a plaque formed on a portion of the vessel wall.  

9
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[0035] It is noted that structural adaptations that provide the desired 

differential ultrasound reflection can be included on the dilator of a delivery system 

according to the invention, such as on the distal end 40 of dilator 22, as best 

illustrated in Figures 1 through 4. In particular, dimples or other suitable structural 

adaptations can be formed on the tapered surface 42. In these embodiments, one or 

more portions of the medical device 26 is advantageously positioned adjacent the 

dimples or other structural adaptations to provide the desired correlation between the 

positioning of the medical device 26 and the dilator 22.  

[0036] Figure 8 illustrates the distal end 14 of the delivery system 10 within a 

body vessel 70. An ultrasound emitter 72 is shown directing energy in the form of 

ultrasonic waves 74 on the portion of the body vessel 70 where the distal end 14 of 

the tubular member 12 is located. The second wall portion 32 previously described 

can be differentiated by the ultrasound machine 72 from the first wall portion 30 due 

to the described differential reflection of the ultrasonic waves 74. A wireguide 80 is 

disposed in the body vessel 70 to facilitate navigation of the delivery system 10 

therethrough.  

[0037] Methods of implanting intraluminal medical devices at a point of 

treatment in a body vessel are also provided. One exemplary method comprises the 

step of providing a medical device delivery system that includes an elongate tubular 

member that has first and second wall portions that reflect ultrasonic waves 

differently, a dilator that defines a mounting region disposed within the elongate 

tubular member, and an intraluminal medical device disposed on the mounting 

region. In another step, the distal end of the delivery system is advanced through 

the body vessel until the intraluminal medical device is positioned substantially at a 

desired point of treatment within the body vessel. In another step, at least a portion 

of the delivery system is visualized using ultrasonic waves. In another step, the 

orientation of the intraluminal medical device is verified using the differential 

reflection of the ultrasonic waves by the first and second wall portions. In an optional 

step, the delivery system is rotated within the body vessel until a desired orientation 

of the intraluminal medical device is achieved. In another step, the intraluminal 

medical device is deployed from the delivery system. In another step, the delivery 

system is retracted from the body vessel.  

10



WO 2006/124647 PCT/US2006/018510 

[0038] Methods of fabricating medical device delivery systems are also 

provided. One exemplary method comprises the step of providing an elongate 

tubular member that has first and second wall portions that reflect ultrasonic waves 

differently, a dilator that defines a mounting region, and an intraluminal medical 

device. In another step, the intraluminal medical device is disposed on the mounting 

region of the dilator. In another step, the dilator is disposed within a passageway 

defined by the elongate tubular member. In another step, the circumferential 

position of at least one of the first and second wall portions is verified relative to one 

or more portions of the intraluminal medical device. In an optional step, at least one 

of the elongate tubular member and the dilator is rotated relative to the other until a 

desired orientation of the intraluminal medical device relative to at least one of the 

first and second wall portions is achieved.  

[0039] It is noted that, while the invention is described and illustrated with 

reference to medical device delivery systems, it is contemplated and understood that 

the invention can be equally applied in many different areas of technology, including 

all areas in which the placement of an article within a passageway in a particular 

orientation is desirable. For example, the drawing of wires through conduit and the 

passage of drilling equipment through a passageway could benefit from the 

invention.  

[0040] The foregoing detailed description provides exemplary embodiments of 

the invention and includes the best mode for practicing the invention. The 

description and illustration of embodiments is intended only to provide examples of 

the invention and not to limit the scope of the invention, or its protection, in any 

manner.  
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What is claimed is: 

1. A medical device delivery system that facilitates medical device placement in 

the presence of ultrasonic waves, said delivery device comprising: an elongate 

tubular member having a proximal end, a distal end, and defining a passageway 

extending between the proximal and distal ends, the elongate tubular member 

including first and second wall portions, the second wall portion adapted to reflect 

said ultrasonic waves differently than the first wall portion; 

a dilator disposed within the passageway and defining a mounting region; and 

an intraluminal medical device disposed on the mounting region and including 

a functional mechanism, at least a portion of the functional mechanism disposed 

substantially adjacent the second wall portion of the elongate tubular member.  

2. The medical device delivery system according to Claim 1, wherein the 

intraluminal medical device comprises a valve device including first and second 

structural members cooperatively defining a valve orifice and wherein the second 

wall portion is disposed substantially adjacent at least one of the first and second 

structural members.  

3. The medical device delivery system according to Claim 2, wherein the 

elongate tubular member includes a third wall portion adapted to reflect said 

ultrasonic waves differently than the first wall portion and wherein the third wall 

portion is disposed substantially adjacent at least one of the first and second 

structural members.  

12
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4. The medical device delivery system according to Claim 1, wherein the 

intraluminal medical device comprises a support frame including at least one 

structural member that includes a coating comprising a bioactive and wherein the 

second wall portion is disposed substantially adjacent the at least one structural 

member.  

5.The medical device delivery system according to Claim 4, wherein the at least one 

structural member comprises a first structural member including a first coating 

comprising a bioactive and a second structural member including a second coating 

comprising a second bioactive; 

wherein the elongate tubular member includes a third wall portion adapted to 

reflect said ultrasonic waves differently than the first wall portion; and 

wherein the second wall portion is disposed substantially adjacent the first 

structural member and the third wall portion is disposed substantially adjacent the 

second structural member.  

6. The medical device delivery system according to Claim 5 wherein the first and 

second bioactives are the same.  

7. The medical device delivery system according to Claim 5 wherein the first and 

second bioactives are different.  

13
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8. A medical device delivery system according to Claim 1, wherein the first wall 

portion of the elongate tubular member comprises a first material and the second 

wall portion of the elongate tubular member comprises a second, different material.  

9. A medical device delivery system according to Claim 8, wherein the elongate 

tubular member comprises a circumferential wall and the second wall portion 

comprises a section of the second, different material disposed within the 

circumferential wall.  

10. A medical device delivery system according to Claim 1, wherein the first wall 

portion of the elongate tubular member comprises a first material and the second 

wall portion comprises a plurality of chambers, each of the plurality of chambers 

including a first substance that is different than the material of the first wall portion.  

11. A medical device delivery system according to Claim 10, wherein the first 

substance has a density different than a density of the first material.  
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