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TRANSCATHETER PROSTHETIC HEART VALVE DELIVERY

SYSTEM WITH FLUSH PORT

Croti-Reference to Related Applicationi

[01] This application claims priority under 35 U.S.C. §U9(eXl) to U.S.

Provisional Patent Application Serial No. 61/326,386, filed April 21, 2010,

entitled Transcatheter Prosthetic Heart Valve Delivery System with Flush Port",

and bearing Attorney Docket No. P0O36052.0O / M l90.370. 101; the entire

teachings of which are incorporated herein by reference.

Background

[02] The present disclosure relates to systems and methods for percutaneous

implantation of a prosthetic heart valve. More particularly, it relates to delivery

systems and methods for transcatheter implantation of a stented prosthetic heart

valve.

[03] Heart valves, such as the mitral, tricuspid, aortic, and pulmonary valves,

are sometimes damaged by disease or by aging, resulting in problems with the

proper functioning of the valve. Heart valve problems generally take one of two

forms: stenosis in which a valve does not open completely or the opening is too

small, resulting in restricted blood flow; or insufficiency in which blood leaks

backward across a valve when it should be closed.

[04] Heart valve replacement has become a routine surgical procedure for

patients suffering from valve regurgitation or stenotic calcification of the leaflets.

Conventionally, the vast majority of valve replacements entail full stenotomy in

placing the patient on cardiopulmonary bypass. Traditional open surgery inflicts

significant patient trauma and discomfort, requires extensive recuperation times,

and may result in life-threatening complications.

[05] To address these concerns, within the last decade, efforts have been made

to perform cardiac valve replacements using minimally-invasive techniques. In

these methods, laparoscopic instruments are employed to make small openings



through the patient's ribs to provide access to the heart While considerable

effort has been devoted to such techniques, widespread acceptance has been

limited by the clinician's ability to access only certain regions of the heart using

laparoscopic instruments.

|06| Still other efforts have been focused upon percutaneous transcatheter (or

transluminal) delivery of replacement cardiac valves to solve the problems

presented by traditional open surgery and minimally-invasive surgical methods.

In such methods, a prosthetic heart valve is compacted for delivery in a catheter

and then advanced, for example through an opening in the femoral artery and

through the descending aorta to the heart, where the prosthetic heart valve is then

deployed in the valve annuhis (e.g., the aortic valve annulus).

[07] Various types and configurations of prosthetic heart valves are used in

percutaneous valve procedures to replace diseased natural human heart valves.

The actual shape and configuration of any particular prosthetic heart valve is

dependent to some extent upon the valve being replaced (i.e., mitral valve,

tricuspid valve, aortic valve, or pulmonary valve). In general, prosthetic heart

valve designs attempt to replicate the function of the valve being replaced and

thus will include valve leaflet-like structures used with either bioprostheses or

mechanical heart valve prostheses. If bioprostheses are selected, the replacement

valves may include a valved vein segment or pericardial manufactured tissue

valve that is mounted in some manner within an expandable stent frame to make

a valved stent. In order to prepare such a valve for percutaneous implantation,

one type of valved stent can be initially provided in an expanded or uncrimped

condition, then crimped or compressed around a balloon portion of a catheter

until is close to the diameter of the catheter. In other percutaneous implantation

systems, the stent frame of the valved stent can be made of a self-expanding

material. With these systems, the valved stent is crimped down to a desired size

and held in that compressed state with a sheath, for example. Retracting the

sheath from this valved stent allows the stent to expand to a larger diameter, such

as when the valved stent is in a desired position within a patient. With either of

these types of percutaneous stent delivery systems, conventional sewing of the

prosthetic heart valve to the patient's native tissue is typically not necessary.



[08| Prosthetic heart valve delivery systems may be flushed with a fluid (e.g.,

saline) to remove air from the system prior to the valve replacement procedure.

These systems typically use multiple flushes (e.g., one flush for an inner lumen,

and another flush for the regions outside of the inner htmen) with multiple access

points or connectors for providing fluid, which can result in a relatively long

flushing process.

|09| In light of the above, although there have been advances in percutaneous

valve replacement techniques and devices, there is a continued desired to provide

different delivery systems for delivering cardiac replacement valves, and in

particular self-expanding stented prosthetic heart valves, to an implantation site in

a minimally invasive and percutaneous manner, and with improved flushing

capabilities.

Summary

|10| One embodiment is directed to a delivery system for use with a prosthetic

heart valve having a stent frame to which a valve structure is attached. The

delivery system includes a shaft assembly including a distal portion and an

intermediate portion, and an inner himcn extending through the shaft assembly.

The delivery system includes a sheath assembly defining an outer lumen sized to

slidably receive the shaft assembly. At least one flush port is formed in the

intermediate portion. The at least one flush port is in fluid communication with

the inner lumen and the outer lumen. The delivery system is configured to

transition from a loaded state in which the sheath assembly encompasses the

prosthetic heart valve to a deployed state in which the sheath assembly is

withdrawn from the prosthetic heart valve.

(111 Another embodiment is directed to a system for performing a therapeutic

procedure on a defective heart valve of a patient The system includes a delivery

system including a shaft assembly with a distal portion, an intermediate portion,

and an inner lumen extending through the shaft assembly. The delivery system

includes a sheath assembly defining an outer lumen sized to slidably receive the

shaft assembly. At least one flush port is formed in the intermediate portion. The



at least one flush port is in fluid communication with the inner lumen and the

outer lumen. The system includes a prosthetic heart valve having a stent frame

and a valve structure attached to the stent frame and forming at least two valve

leaflets. The prosthetic heart valve is self-expandable from a compressed

arrangement to a natural arrangement. The delivery system is configured to

slidably receive the prosthetic heart valve over the distal portion within the sheath

assembly and is configured to be operable to transition from a loaded state in

which the sheath assembly encompasses the prosthetic heart valve to a deployed

state in which the sheath assembly is withdrawn from the prosthetic heart valve to

permit the prosthetic heart valve to self-expand to the natural arrangement and

release from the delivery system.

|12| Yet another embodiment is directed to a method of flushing a prosthetic

heart valve delivery system. The method includes receiving a delivery system

loaded with a self-expanding prosthetic heart valve having a stent frame to which

a valve structure is attached. The delivery system includes a shaft assembly

slidably positioned within a sheath assembly. The shaft assembly includes a

distal portion, an intermediate portion, and an inner lumen extending through the

shaft assembly. The intermediate portion includes at least one flush port formed

therein. The delivery sheath defines an outer lumen and contains the prosthetic

heart valve in a compressed arrangement. The at least one flush port is in fluid

communication with the inner himen and the outer lumen. The method includes

fluidly sealing a distal end of the inner lumen, and introducing fluid into the inner

lumen while the distal end is fluidly sealed, thereby simultaneously flushing the

inner lumen and the outer lumen.

P rip B f Pruning

|13| Figures 1A-1C are diagrams illustrating a system for delivering a

transcatheter prosthetic heart valve to an implantation site according to one

embodiment.



|14| Figures 2A and 2B are diagrams illustrating a system for delivering a

transcatheter prosthetic heart valve to an implantation site according to another

embodiment

|15| Figure 3 is a diagram illustrating an expanded view of a region of the

delivery system shown in Figure 2B.

|16| Figure 4 is a flow diagram illustrating a method of flushing a prosthetic

heart valve delivery system according to one embodiment.

Detailed Description

[17| The terms "distal" and "proximal" are used herein with reference to the

treating clinician during the use of the catheter system; "Distal" indicates an

apparatus portion distant from, or a direction away from the clinician and

"proximal" indicates an apparatus portion near to, or a direction towards the

clinician. The term "therapy" or "therapeutic procedure" as used herein in the

context of heart valves is intended to include the repair of a heart valve, the

replacement of a heart valve, or a combination of repair and replacement of a

heart valve. The systems and methods disclosed herein can generally be used for

therapy of native or bioprosthetic aortic, mitral, pulmonic, or tricuspid valves.

|18| In the following, general embodiments of the present invention are

described which may, as such or individual features thereof, be combined with

each other embodiments or features described herein unless technical reasons do

not allow such combination.

|19| According to an embodiment, a delivery system for use with a prosthetic

heart valve has a stent frame to which a valve structure is attached. The system

includes a shaft assembly including a distal portion and an intermediate portion,

and an inner lumen extending through the shaft assembly; a sheath assembly

defining an outer lumen sized to slidably receive the shaft assembly; and at least

one flush port formed in the intermediate portion, the at least one flush port in

fluid communication with the inner lumen and the outer lumen. The delivery

system is configured to transition from a loaded state in which the sheath



assembly encompasses the prosthetic heart valve to a deployed state in which the

sheath assembly is withdrawn from the prosthetic heart valve.

[20| According to a further embodiment, which can be combined with other

embodiments described herein, the at least one flush port is formed adjacent to a

distal end of the intermediate portion.

|21| According to a further embodiment, which can be combined with other

embodiments described herein, the delivery system further includes at least two

flush ports formed adjacent to the distal end of the shaft assembly.

[22| According to a further embodiment, which can be combined with other

embodiments described herein, the system is configured to use a single flush for

both the inner lumen and the outer lumen using a single access point for

introducing fluid into the inner lumen.

|23| According to a further embodiment, which can be combined with other

embodiments described herein, the delivery system further includes a connector

in fluid communication with the inner lumen, wherein the connector is

configured to be connected to a fluid source. In some embodiments, the

connector is formed at a proximal end of the delivery system.

|24| According to a further embodiment, which can be combined with other

embodiments described herein, a connector is formed at a proximal end of the

delivery system.

[25] According to a further embodiment, which can be combined with other

embodiments described herein, a distal end of the distal portion is configured to

be fhiidly sealed. In some embodiments, sealing of the distal end of the distal

portion facilitates a flow of fluid from the inner lumen through the at least one

flush port and into the outer lumen.

[26] According to a further embodiment, which can be combined with other

embodiments described herein, the intermediate portion has a larger outer

diameter than the distal portion.



|27| According to a further embodiment, which can be combined with other

embodiments described herein, the prosthetic heart valve is configured to be slid

over the distal portion and releasably attached to the intermediate portion.

|28| According to a further embodiment, which can be combined with other

embodiments described herein, the inner lumen is a guide wire lumen configured

to slidably receive a guide wire.

[29] According to a further embodiment, which can be combined with other

embodiments described herein, a system for performing a therapeutic procedure

on a defective heart valve of a patient includes a delivery system, which includes

a shaft assembly including a distal portion, an intermediate portion, and an inner

lumen extending through the shaft assembly; a sheath assembly defining an outer

lumen sized to slidably receive the shaft assembly; and at least one flush port

formed in the intermediate portion, wherein the at least one flush port is in fluid

communication with the inner htmen and the outer lumen. The system further

includes a prosthetic heart valve having a stent frame and a valve structure

attached to the stent frame and forming at least two valve leaflets, wherein the

prosthetic heart valve is self-expandable from a compressed arrangement to a

natural arrangement The delivery system is configured to slidably receive the

prosthetic heart valve over the distal portion within the sheath assembly and is

configured to be operable to transition from a loaded state in which the sheath

assembly encompasses the prosthetic heart valve to a deployed state in which the

sheath assembly is withdrawn from the prosthetic heart valve to permit the

prosthetic heart valve to self-expand to the natural arrangement and release from

the delivery system.

|30| According to a further embodiment, which can be combined with other

embodiments described herein, the at least one flush port is formed adjacent to a

distal end of the intermediate portion.

|31| According to a further embodiment, which can be combined with other

embodiments described herein, the system further includes a connector in fluid

communication with the inner lumen, wherein the connector configured to be



connected to a fluid source. In some embodiments, the connector is formed at a

proximal end of the delivery system.

[32] According to a further embodiment, which can be combined with other

embodiments described herein, a connector is formed at a proximal end of the

delivery system.

|33| According to a further embodiment, which can be combined with other

embodiments described herein, a distal end of the distal portion is configured to

be fluidly sealed. In some embodiments, sealing of the distal end of the distal

portion facilitates a flow of fluid from the inner lumen through the at least one

flush port and into the outer lumen.

|34| According to a further embodiment, which can be combined with other

embodiments described herein, the intermediate portion has a larger outer

diameter than the distal portion.

5] According to a further embodiment, which can be combined with other

embodiments described herein, the prosthetic heart valve is configured to be slid

over the distal portion and releasably attached to the intermediate portion.

[36| According to a further embodiment, which can be combined with other

embodiments described herein, the inner lumen is a guide wire lumen configured

to slidably receive a guide wire.

[37| According to a further embodiment, which can be combined with other

embodiments described herein, the delivery system further includes a coupling

device configured to selectively retain a proximal portion of the prosthetic heart

valve.

|38| According to a further embodiment, which can be combined with other

embodiments described herein, the delivery system further includes a retractable

first handle device coupled to the sheath assembly so that retraction of the first

handle device causes retraction of the sheath assembly.



9] According to a further embodiment, which can be combined with other

embodiments described herein, the delivery system further includes a slider

coupled to the sheath so that axial translation of the slider in the proximal

direction causes a retraction of the sheath relative to the prosthetic heart valve.

|40| According to a further embodiment, which can be combined with other

embodiments described herein, a method of flushing a prosthetic heart valve

delivery system includes receiving a delivery system loaded with a self-

expanding prosthetic heart valve having a stent frame to which a valve structure

is attached. The delivery system includes a shaft assembly which is slidably

positioned within a sheath assembly, and the shaft assembly includes a distal

portion, an intermediate portion, and an inner lumen extending through the shaft

assembly. The intermediate portion includes at least one flush port formed

therein, wherein the delivery sheath defines an outer lumen and contains the

prosthetic heart valve in a compressed arrangement. The at least one flush port is

in fluid communication with the inner lumen and the outer lumen. The method

further includes fluidly sealing a distal end of the inner lumen, and introducing

fluid into the inner lumen while the distal end is fluidly sealed, thereby

simultaneously flushing the inner lumen and the outer lumen.

|41| According to a further embodiment, which can be combined with other

embodiments described herein, the method further includes connecting a fluid

source to a connector at a proximal end of the inner lumen to introduce the fluid

into the inner lumen.

|42| In the following, further embodiments are described with reference to the

drawings. These embodiments can be combined with the general embodiments

described above, or individual features thereof.

|43| Figures 1A-1C are diagrams illustrating a system 100 for delivering a

transcatheter prosthetic heart valve to an implantation site according to one

embodiment System 100 according to one embodiment is configured to be used

in performing a therapeutic procedure on a defective heart valve of a patient In

the illustrated embodiment the system 100 includes a shaft assembly 1 0 and a



sheath assembly 106. The shaft assembly 110 includes a carrier shaft 1 0 (also

referred to as a middle portion or intermediate portion of the shaft assembly 110),

a connector shaft 1I (also referred to as a distal portion of the shaft assembly

110), a nose cone 102, and a handle device 112. The connector shaft 115

interconnects the carrier shaft 120 and the nose cone 102, and in some

constructions has a reduced-sized outer diameter to permit placement of the

stented prosthetic heart valve 114 over the connector shaft 115. In one

embodiment, an inner lumen 122 extends through the shaft assembly 110 from a

proximal end of the system 100 to a distal end of the system 100.

|44| Carrier shaft 120 is sized to be slidably received within a portion of the

sheath assembly 106, and is configured in the illustrated embodiment for

releasable coupling with the prosthetic heart valve 14. The carrier shaft 120

forms or includes a coupling device 117. The coupling device 117 is configured

to selectively retain a proximal portion of the prosthetic heart valve 114. The

coupling device 117 is configured to releasably mount the prosthetic heart valve

1 4 to the shaft assembly 1 0 when the prosthetic heart valve 114 is forced to a

collapsed state within the sheath assembly 106. In this collapsed state, then, the

prosthetic heart valve 114 will longitudinally move with movement of the shaft

assembly 10. The sheath assembly 106 is configured to permit deployment of

the prosthetic heart valve 114 from the loaded state shown in Figures 1A and IB.

[45| The nose cone 102 can assume a variety of forms, and is generally

constructed to facilitate atraumatic placement of the delivery system 100 through

a patient's vasculature and heart. The handle device 112 is mounted or connected

to a proximal end of the carrier shaft 120, and provides a convenient surface for

grasping by a clinician.

[46| The sheath assembly 106 generally includes a sheath 104 and a handle

device 108. The sheath 104 can be of a conventional catheter-like configuration

(e.g., biocompatible polymer with or without an encapsulated wire braiding). In

some constructions, the sheath 104 can further incorporate various steering

features. Regardless, the sheath 104 is generally compliant, and is able to

traverse the tortuous pathways associated with transcatheter heart valve



implantation. The handle device 108 can assume a wide variety of forms, and is

generally mounted or connected to a proximal end of the sheath 104. The sheath

104 defines an outer himcn 124 sized to slidably receive the earner shaft 120, as

well as the prosthetic heart valve 114 in the collapsed state.

[47] The delivery system 100 is operable to deliver or implant the prosthetic

heart valve 114 as described in further detail below. Figures 1A and IB illustrate

the system 100 loaded with the prosthetic heart valve 114 prior to deployment In

particular, the prosthetic heart valve 4 is connected to the carrier shaft 120, for

example via the coupling device 117, and is radially constrained within the sheath

104. The delivery system 100 is configured to transition from a loaded state in

which the sheath assembly 106 encompasses the prosthetic heart valve 114 to a

deployed state in which the sheath assembly 106 is withdrawn from the prosthetic

heart valve 114.

[48| The loaded delivery system 100 is advanced toward the implantation

target site, for example in a retrograde manner through a cut-down to the femoral

artery and into the patient's descending aorta. The delivery system 100 is then

advanced, under fluoroscopic guidance, over the aortic arch, through the

ascending aorta, and midway across the defective aortic valve (for aortic

replacement). After positioning of the delivery system 100, the sheath 104 is

partially retracted relative to the prosthetic heart valve 14 as shown in Figure

1C. For example, the handle device 108 provided with the sheath assembly 106

is retracted toward the handle device 112 of the shaft assembly 110. As shown, a

distal region 130 of the prosthetic heart valve 114 is thus exteriorly exposed

relative to the sheath 104, and begins to self-deploy. This proximal retraction of

the sheath 104 continues, with a continually increasing length of the prosthetic

114 being exposed and thus partially deployed, until the prosthetic 114 is fully

deployed at the native heart valve.

[49] The delivery system 100 is useful with a variety of different

configurations of a stented heart valve prostheses. In general terms, the

prosthetic heart valve 114 includes a stent frame maintaining a valve structure

(tissue or synthetic), with the stent frame having a normal, expanded state and



collapsible to a collapsed state for loading within the system 100. The stent

frame can be constructed to self-deploy or expand when released from the

delivery system 100, or a separate expansion member can be provided (e.g., an

expansion balloon). For example, the stented heart valve prosthetic heart valve

114 can be a prosthetic sold under the trade name CoreValve® available from

Medtronic CoreValve, LLC. Other non-limiting examples of transcatheter heart

valve prostheses useful with the system 100 are described in U.S. Publication

Nos. 2006/0265056; 2007/0239266; and 2007/0239269; the teachings of each of

which are incorporated herein by reference.

|50| As shown in Figures IB and 1C, at least one flush port 116 is formed in

the carrier shaft 120 adjacent to the distal end of this shaft 120. The flush port

116 is configured to facilitate flushing of the delivery system 100 with a fluid

(e.g., saline), and thereby remove air from the system 100. In one embodiment,

inner lumen 122 (e.g., a guide wire lumen configured to slidably receive a guide

wire) is formed through the shafts 1I and 120, and extends from the proximal

end of the shaft 120 to the distal end of the shaft 115. The flush port 1 6

according to one embodiment is in fluid communication with the inner lumen 122

and the outer lumen 124, including the region between an outer diameter of the

shafts 1I and 120 and an inner diameter of the sheath 104 (including the space

occupied by the prosthetic heart valve 114). Other delivery systems typically use

two separate flushes (e.g., one flush for the inner lumen, and another flush for the

regions outside of the inner lumen). In contrast, delivery system 100 according to

one embodiment is configured to use a single flush for both the inner lumen 122

and the outer lumen 124 using a single access point for introducing fluid into the

inner himen 122, such as by connecting a fluid source (e.g., a syringe) to a

connector (e.g., a hier lock-type structure) in the handle 112.

|51| The flushing process according to one embodiment begins by blocking

the distal end of the shaft 1I and creating a fluid seal, such as by placing a cap

over the distal end of the nose cone 102, inserting a stylet (shipping mandrel) into

the distal end of the shaft 1IS, or blocking the distal end of the shaft 1IS with the

user's finger. Fluid is then introduced into the inner lumen 122 from the

connector in the handle 2. The fluid flows through the inner lumen 122 and



the flush port 116 and enters the outer lumen 124, thereby displacing the air in

these regions.

|52| Figures 2A and 2B are diagrams illustrating a system 200 for delivering a

transcatheter prosthetic heart valve to an implantation site according to another

embodiment Figure 2B illustrates a cross-sectional view taken along section

lines 2B-2B in Figure 2A. Figure 3 is a diagram illustrating an expanded view of

a region 300 of the delivery system 200 shown in Figure 2B. Delivery system

200 includes a nose cone 202, a sheath 204, a front handle 208, a slider 212, a

slide shaft 214, an inner shaft 215 (also referred to as a distal portion of a shaft

assembly), a rear grip 216, a coupling device 217, a connector 218, a carrier shaft

220 (also referred to as a middle portion or intermediate portion of the shaft

assembly), and flush ports 302A and 302B (collectively referred to as flush ports

302).

[53| The connector shaft 215 interconnects the carrier shaft 220 and the nose

cone 202, and in some constructions has a reduced-sized diameter to permit

placement of the prosthetic heart valve over the connector shaft 215. Carrier

shaft 220 is sized to be slidably received within the sheath 204, and is configured

in the illustrated embodiment for releasable coupling with a prosthetic heart

valve. The sheath 204 defines an outer lumen 306 sized to slidably receive the

carrier shaft 220, as well as a prosthetic heart valve in a collapsed state. The

carrier shaft 220 forms or includes a coupling device 217. The coupling device

217 is configured to selectively retain a proximal portion of the prosthetic heart

valve. The coupling device 217 is configured to releasably mount the prosthetic

heart valve to the carrier shaft 220 when the prosthetic heart valve is forced to a

collapsed state within the sheath 204.

[54| Slider 212 is selectively engaged and disengaged with a threaded outer

surface of slide shaft 214 by an actuation button (not shown). When engaged

with the threaded outer surface of slide shaft 214, axial rotation of slider 204 is

converted into axial translation. Slider 212 is coupled to sheath 204 so that axial

translation of the slider 212 in the proximal direction causes a retraction of the

sheath 204 relative to the prosthetic heart valve. When disengaged from the



threaded outer surface of the slide shaft 214, slider 12 is slidably mounted on

slide shaft 214. By sliding slider 212 in the proximal direction, sheath 204 is

easily and quickly retracted to rapidly complete deployment of the prosthetic

heart valve at the native heart valve.

|55| As shown in Figure 3, flush ports 302A and 302B are formed in the

carrier shaft 220 adjacent to the distal end of this shaft 220. The flush ports 302

are configured to facilitate flushing of the delivery system 200 with a fluid (e.g.,

saline), and thereby remove air from the system 200. In one embodiment, an

inner lumen 304 (e.g., a guide wire lumen configured to slidably receive a guide

wire) is formed through the shafts 215 and 220, and extends from the proximal

end of the delivery system 200 to the distal end of the delivery system 200. The

flush ports 302 according to one embodiment are in fluid communication with the

inner lumen 304 and the outer lumen 306, including the region between an outer

diameter of the shafts 215 and 220 and an inner diameter of the sheath 204

(including the space occupied by the prosthetic heart valve). Delivery system

200 according to one embodiment is configured to use a single flush for both the

inner lumen 304 and outer lumen 306 using a single access point for introducing

fluid into the inner lumen 304, such as by connecting a fluid source (e.g., a

syringe) to connector 218 (e.g., a luer lock-type structure) at the proximal end of

the system 200. The connector 218 is in fluid communication with the inner

lumen 304.

|56| The flushing process according to one embodiment begins by blocking

the distal end of the shaft 215 and creating a fluid seal, such as by placing a cap

over the distal end of the nose cone 202, inserting a stylet (shipping mandrel) into

the distal end of the shaft 215, or blocking the distal end of the shaft 215 with the

user's finger. Fluid is then introduced into the inner lumen 304 from the

connector 218. The fluid flows through the inner lumen 304 and the flush ports

302 and enters the outer lumen 306, thereby displacing the air in these regions.

[57| Figure 4 is a flow diagram illustrating a method 400 of flushing a

prosthetic heart valve delivery system according to one embodiment. At 402, a

delivery system loaded with a self-expanding prosthetic heart valve having a stent



frame to which a valve structure is attached is received, wherein the delivery

system includes a shaft assembly slidably positioned within a sheath assembly,

the shaft assembly including a distal portion, an intermediate portion, and an

inner himen extending through the shaft assembly, the intermediate portion

including at least one flush port formed therein, the delivery sheath defining an

outer lumen and containing the prosthetic heart valve in a compressed

arrangement, the at least one flush port in fluid communication with the inner

lumen and the outer lumen. At 404, a distal end of the inner lumen is fluidly

sealed. At 406, a fluid source is connected to a connector at a proximal end of

the inner lumen. At 408, fluid is introduced into the inner lumen from the fluid

source while the distal end is fluidly sealed, thereby simultaneously flushing the

inner himen and the outer lumen.

|58| Benefits provided by embodiments described herein include at least the

following: (1) A reduction in the size of the gap between the shaft 120 (or 220)

and the sheath 104 (or 204), which minimizes the catheter slack effect, helps to

increase the deployment accuracy, and reduces the traveling distance at the

handle before the sheath starts to respond; (2) a simple, easy, and fast catheter

flushing procedure; and (3) cost reduction - one single luer for flushing both the

inner lumen and regions outside of the inner lumen.

|59| A test unit was built according to the disclosure herein to evaluate the

flushability and deployment response at the catheter handle, and the results were

compared to a control unit. The test unit used a carrier shaft 120 (middle

member) with a 3.277 mm (0.129") outside diameter, and the control unit used a

carrier shaft with a 3.125 mm (0.125") outside diameter. The test unit was built

with two 0.254 mm (0.010") diameter flush ports, and a 0.889 mm (0.035")

stainless steel mandrel was inserted into the distal end of the shaft 115 during the

flush. The test results showed that even with a narrower gap clearance between

the shaft 120 and the sheath 104, the fluid flow rate (for flushing) for the test unit

was superior to the control unit (required 4.5 seconds versus 25.5 seconds to

empty 10 ml (10 cc) of water using a 10 ml (lOcc) syringe for testing). Handle

travel distance (response delay) of the test unit was also superior (approximately

10 mm vs. mm for the control unit).



Although the present disclosure has been described with reference to

preferred embodiments, workers skilled in the art will recognize that changes can

be made in form and detail without departing from the scope of the present

disclosure.



CLAIMS

1. A delivery system (100; 200) for use with a prosthetic heart valve ( 114)

having a stent frame to which a valve structure is attached, the system

comprising:

a shaft assembly ( 10) including a distal portion ( 115; 215) and an

intermediate portion (120; 220), and an inner lumen (122; 304)

extending through the shaft assembly ( 110);

a sheath assembly (106; 204) defining an outer lumen (124; 306) sized to

slidably receive the shaft assembly ( 110);

at least one flush port ( 116; 302) formed in the intermediate portion (120;

220), the at least one flush port ( 16; 302) in fluid communication

with the inner lumen (122; 304) and the outer lumen (124; 306);

and

wherein the delivery system (100; 200) is configured to transition from a

loaded state in which the sheath assembly (106; 204) encompasses

the prosthetic heart valve (114) to a deployed state in which the

sheath assembly (106; 204) is withdrawn from the prosthetic heart

valve (114).

2. The delivery system of claim 1, wherein the at least one flush port (116) is

formed adjacent to a distal end of the intermediate portion (120; 220).

3. The delivery system of claim 1 or 2, further comprising at least two flush

ports (302A, 302B) formed adjacent to the distal end of the shaft assembly.

4. The delivery system of any of the preceding claims, wherein the system is

configured to use a single flush for both the inner lumen (122) and the outer

lumen (124) using a single access point for introducing fluid into the inner lumen

(122).

5. The delivery system of any of the preceding claims, and further

comprising:



a connector (218) in fluid communication with the inner lumen (304), the

connector (2 18) configured to be connected to a fluid source.

6. The delivery system of claim 5, wherein the connector (218) is formed at

a proximal end of the delivery system (200).

7. The delivery system of any of the preceding claims, wherein a distal end

of the distal portion ( 5) is configured to be fluidly sealed.

8. The delivery system of claim 7, wherein sealing of the distal end of the

distal portion ( 1IS) facilitates a flow of fluid from the inner himen (122) through

the at least one flush port ( 1 ) and into the outer lumen (124).

9. The delivery system of any of the preceding claims, wherein the

intermediate portion (120) has a larger outer diameter than the distal portion

(115).

10. The delivery system of claim 9, wherein the prosthetic heart valve ( 4) is

configured to be slid over the distal portion ( 1 S) and releasably attached to the

intermediate portion (120).

11. The delivery system of any of the preceding claims, wherein the inner

lumen ( 122) is a guide wire htmen configured to slidably receive a guide wire.

12. The delivery system of any of the preceding claims, further comprising a

coupling device ( 17; 217) configured to selectively retain a proximal portion of

the prosthetic heart valve ( 114).

13. The delivery system of any of claims, further comprising a retractable

first handle device (108) coupled to the sheath assembly (106) so that retraction

of the first handle device causes retraction of the sheath assembly (106).

14. The delivery system of any of claims 1 to 12, further comprising a slider

(2 12) coupled to the sheath (204) so that axial translation of the slider (2 12) in the



proximal direction causes a retraction of the sheath (204) relative to the prosthetic

heart valve.

15. A system for performing a therapeutic procedure on a defective heart

valve of a patient, the system comprising:

a delivery system according to any of the preceding claims;

a prosthetic heart valve having a stent frame and a valve structure

attached to the stent frame and forming at least two valve leaflets,

the prosthetic heart valve being self-expandable from a

compressed arrangement to a natural arrangement; and

wherein the delivery system is configured to stidably receive the

prosthetic heart valve over the distal portion within the sheath

assembly and is configured to be operable to transition from a

loaded state in which the sheath assembly encompasses the

prosthetic heart valve to a deployed state in which the sheath

assembly is withdrawn from the prosthetic heart valve to permit

the prosthetic heart valve to self-expand to the natural arrangement

and release from the delivery system.











A. CLASSIFICATION OF SUBJECT MATTER
INV. A61F2/24
ADD.

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

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 BE RELEVANT

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

WO 2010/120671 Al (COOK INC [US]; COOK 1-11,
WILLIAM EUROP [DK] ; PARKER FRED T [US]; 13-15
HANSEN PAL) 21 October 2010 (2010-10-21)
paragraphs [0004] , [0046] - [0048] , 12

[0075] - [0077], [0083] - [0084],

[0102] ; figures 1-6

US 2009/018529 Al (HOFFMAN GRANT T [US] ET 1,2,4-7,
AL) 15 January 2009 (2009-01-15) 9,10,

12-15
paragraphs [0034], [0036], [0041] - 12

[0048], [0051], [0056], [0063] -
[0064] ; figures 1-7

US 2006/030923 Al (GUNDERS0N RICHARD C 1-8,
[US]) 9 February 2006 (2006-02-09) 10-15
paragraphs [0003] , [0026] , [0055] , 9
[0060] ; figure 5

-/--

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

* Special categories of cited documents :
"T" later document published after the international filing date or 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 or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or 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 or 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 or other combined with one or 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

7 August 2012 16/08/2012

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 Prechtel , A



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

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

EP 1 464 303 A2 (ADVANCED CARDIOVASCULAR 1-8,10,
SYSTEM [US]) 6 October 2004 (2004-10-06) 11,13-15
paragraphs [0039] , [0044] - [0045] , 9,12
[0047], [0054], [0059] - [0060],

[0072]; figures 1-18



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

WO 2010120671 Al 21-10-2010 EP 2419060 Al 22-02-2012
US 2012059448 Al 08-03-2012
O 2010120671 Al 21-10-2010

US 2009018529 Al 15-01-2009 NONE

US 2006030923 Al 09-02-2006 AT 457704 T 15-03-2010
CA 2567362 Al 23-02-2006
EP 1788972 Al 30-05-2007
JP 4881302 B2 22-02-2012
JP 2008508937 A 27-03-2008
US 2006030923 Al 09-02-2006
W0 2006020028 Al 23-02-2006

EP 1464303 A2 06-10-2004 NONE


	abstract
	description
	claims
	drawings
	wo-search-report

