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METHOD AND APPARATUS FOR THE ENDOLUMINAL 

DELIVERY OF INTRAVASCULAR DEVICES 

FIELD 

Embodiments of the one or more present inventions relate to surgical methods and 

5 apparatus in general, and more particularly to surgical methods and apparatus for the 

endoluminal delivery of intravascular devices to a site within the body. 

For the purposes of illustration but not limitation, embodiments of the one or more 

present inventions will hereinafter be discussed in the context of delivering a percutaneous heart 

valve to a valve seat located within the heart; however, it should be appreciated that at least one 

10 embodiment of the one or more present inventions is also applicable to other endoluminal 

delivery applications. 

BACKGROUND 

Percutaneous aortic valves, such as those available from Edwards Lifesciences LLC 

(Irvine, CA) under the tradename SAPIEN® typically utilize an expandable frame having valve 

15 leaflets attached thereto. This expandable frame essentially comprises a stent, with the valve 

leaflets (preferably in the form of tissue membrane) attached to a portion thereof. For this 

reason, these percutaneous aortic valves are commonly referred to as "stent-valves". Typically, 

the percutaneous aortic stent-valve is compressed down upon a deflated balloon catheter, the 

combined assembly is then inserted into the femoral artery through a covering sheath, and then 

2 0 the combined assembly is delivered endoluminally through the iliac artery and aorta to the valve 

seat. At the valve seat, the balloon is used to expand the stent so that the stent-valve is set at the 

valve seat, then the balloon is deflated, and finally the balloon catheter is withdrawn, whereupon 

the leaflets of the stent-valve act in place of the natural leaflets of the diseased aortic valve. 

Percutaneous heart valves of the sort described above currently show great promise, 

2 5 particularly for elderly and/or otherwise infirm patients who cannot tolerate the trauma of 

conventional open heart valve replacement procedures. 

Unfortunately, current percutaneous heart valve systems require the use of relatively 

large delivery/deployment apparatus. More particularly, since the internal balloon must be 

capable of expanding the stent portion of the stent-valve to the full size of the natural valve seat, 

3 0 and since the deflated size of a balloon having this full-expansion capability is relatively large, 

and since the stent-valve must be disposed circumferentially outboard of the balloon, the overall 

size of the delivery/deployment apparatus is necessarily large. By way of example but not 

limitation, the Edwards SAPIEN® delivery/deployment apparatus is typically approximately 7 

to 8 mm in diameter. 
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Clinically, this can present a significant problem for the surgeon, since the preferred 

access to the vascular system of the patient is via the femoral artery, with subsequent delivery to 

the aortic valve seat via the iliac artery and aorta. However, the femoral artery is typically only 

about 5 to 8 mm in diameter, and this 5-8 mm range is for the general population as a whole -

5 elderly female patients, who are expected to make up a substantial percentage of the candidate 

population for percutaneous aortic valve replacement, are on the smaller end of this range (e.g., 

perhaps 5-6 mm in diameter). Thus, it can be difficult or even impossible to pass the 7-8 mm 

(diameter) SAPIEN® device through the 5-6 mm (diameter) femoral artery of an elderly female 

patient, particularly where the femoral artery is tortuous, stenotic and/or occluded. Surgical 

10 incision has sometimes been required in order to gain access to a higher level of the ilio-femoral 

artery (e.g., within the pelvis) that is large enough to accommodate the stent-valve assembly. 

However, this approach is generally more invasive, and often leads to complications such as 

substantial bleeding and artery obstruction. 

Referring now to Fig. 1, a schematic side view of a catheter-deliverable device, or stent-

15 valve, known in the prior art is shown. The stent-valve may have an expanded diameter of 

approximately 25 mm. However, the stent-valve can be compressed to approximately 4 mm in 

diameter. As shown in Fig. 2, to achieve expansion of the stent-valve, it may be mounted on a 

typical prior art large-diameter delivery balloon catheter that is inflatable to a diameter of 25 

mm. However, the combined diameter of the stent-valve mounted on to the large-diameter 

2 0 delivery balloon catheter is perhaps 18 Fr or 6 mm, which is too large to insert into some 

patient's femoral artery. 

For the foregoing reasons, there is a substantial need for a new and improved method and 

apparatus for the endoluminal delivery of intravascular devices to a site within the body. 

SUMMARY 

2 5 It is to be understood that embodiments of the one or more present inventions include a 

variety of different versions or embodiments, and this Summary is not meant to be limiting or 

all-inclusive. This Summary provides some general descriptions of some of the embodiments, 

but may also include some more specific descriptions of other embodiments. 

When first considered, a solution associated with the difficulty of placing a stent-valve 

3 0 in a relatively small femoral artery appears to be use of a small delivery device. Accordingly, a 

small-diameter delivery balloon initially appears to address the problem. However, and with 

reference now to Fig. 3, if a small diameter delivery balloon catheter is used, then while the 

stent-valve can be compressed to a relatively small diameter, the small-diameter delivery 

balloon is incapable of fully expanding the stent-valve to 25 mm; that is, a small diameter 
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delivery balloon may only be capable of expanding the stent-valve to approximately 10 mm in 

diameter, for example. 

At least one embodiment of the one or more present inventions addresses the 

aforementioned problems associated with the prior art by providing a novel method and 

apparatus for the endoluminal delivery of intravascular devices to a site within the body, at least 

one embodiment of the one or more present inventions takes advantage of the principle of 

dividing the volume of the stent-valve delivery apparatus into smaller diameter parts for separate 

insertion into the vascular system of a patient (e.g., into a relatively small diameter access vessel 

such as the femoral artery) and then re-assembling those parts within another portion of the 

vascular system of the patient (e.g., in a larger diameter vessel such as the aorta) which can 

accommodate the full size of the assembled components. By dividing the balloon expansion 

task into two serially-deployed balloons, activated in a staged fashion, the stent-valve can be 

delivered with a smaller profile, yet full stent-valve expansion at the valve seat can be ensured. 

Accordingly, novel devices and methods are proposed that involve transfer of a deliverable 

device, such as a stent-valve, after insertion into the body from its "carrier segment" to another 

"delivery segment" which may reside on the same or separate catheters, and deployment of the 

stent-valve from that "delivery segment" that is capable of expansion to suitable diameter for the 

stent-valve. 

In at least one embodiment of the one or more present inventions, the stent-valve can be 

pre-mounted within a packaged pre-assembled delivery system for ready transport and clinical 

use. 

In a first preferred form of the one or more present inventions, the first "carrier" balloon 

and second "delivery" balloon are mounted on separate inserter elements for independent 

delivery to the larger blood vessel, such as the aorta, where the second "delivery" balloon is 

united with the then-partially-expanded stent-valve - in this form, each balloon is independently 

advanced to the aorta via its own inserter element. 

In a second preferred form of the one or more present inventions, the first and second 

balloons are serially disposed on a single inserter element, with the first "carrier" balloon being 

mounted to the inserter element distal to (or, optionally, more proximal to) the second "delivery" 

balloon - in this form, a single inserter element is used to sequentially position the first "carrier" 

balloon and second "delivery" balloon relative to the stent-valve. 

In a third preferred form of the one or more present inventions, the first "carrier" balloon 

and second "delivery" balloon are mounted on separate inserter elements, but these inserter 

elements are arranged in a co-axial fashion so as to permit a telescoping action between the two 

inserter elements (and hence a telescoping action between the first "carrier" balloon and the 
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second "delivery" balloon). In this form, the first "carrier" balloon shaft, being coaxially 

mounted upon a leading guide wire, can act as something of a firmer guidewire for the second 

"delivery" balloon. 

In addition to the foregoing, after initial expansion of the stent-valve via the first 

5 "carrier" balloon, the first "carrier" balloon catheter can be removed and replaced by a shaped 

catheter element in order to provide guidance and assistance in traversing the central arteries and 

crossing the plane of (and, optionally, preparing) the native valve seat. This shaped catheter 

element can be disposed on an inserter element distal to the second "delivery" balloon or to the 

first carrier balloon, if desired. 

10 If desired, the first "carrier" balloon can alternatively be another expandable device, e.g., 

the first "carrier" balloon (which constitutes the mounting segment for the stent-valve) can be an 

expandable mandrel. Alternatively, the stent-valve may be initially mounted on a non-

expanding element, that is, simply a low-profile mandrel or other segment of the delivery 

catheter. 

15 It should be appreciated that while at least one embodiment of the one or more present 

inventions has sometimes been discussed in the context of delivering a stent-valve to the aortic 

valve seat, it may also be used to deliver other valves to other valve seats, and/or for delivering 

other intravascular devices to other sites within the body. 

It should also be appreciated that while at least one embodiment of the one or more 

2 0 present inventions is sometimes discussed in the context of advancing the stent-valve through 

the arterial system of the body, it may also be used to advance the stent-valve through the 

venous system of the body, or to endoluminally advance a device through some other luminal 

system of the body. 

In at least one embodiment of the one or more present inventions, the covering sheath 

2 5 (through which the various components are advanced into the blood vessel) can be flexible and 

expandable so as to allow initial expansion of the stent-valve, and the exchange of the first 

"carrier" balloon and the second "delivery" balloon within the covering sheath, so that the 

apparatus is continuously protected. 

It will be seen that at least one embodiment of the one or more present inventions 

3 0 provides a novel method and apparatus for the endoluminal delivery of an intravascular device 

to a site within the body. 

Accordingly, at least one embodiment described herein is directed to a stent-valve and 

delivery system that is inserted separately into the femoral artery, then assembled inside the 

aorta, and thereafter advanced for deployment at the valve plane. This means that the limiting 

3 5 size of the artery (or vein, for the pulmonary valve) access diameter is determined by the largest 
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single piece of the system - effectively the stent/valve itself. When the stent/valve is compressed 

without the balloon catheter, it is possible to deliver a valve into the circulation in as small as 14 

French sheath rather than an 18 to 24 French, as has previously been achieved. 

In at least one embodiment, an in-line dual-balloon delivery catheter system includes a 

5 carrier segment that is a lead/carrier balloon or mandrel at the distal portion of a catheter with 

the carrier segment arrayed in-line on a catheter shaft with a more proximally positioned 

delivery segment together at the distal portion of the catheter shaft. In essence, since the first 

"carrier" balloon only needs to expand the stent-valve a sufficient amount to receive the deflated 

second "delivery" balloon, the first "carrier" balloon can be quite small in its deflated condition. 

10 Moreover, the stent-valve, unrestricted by the traditional need for mounting on a single, 

relatively large deployment balloon, can be compressed to its minimum structural diameter for 

mounting on the relatively small first "carrier" balloon. As a result, the combined assembly 

(i.e., of carrier balloon catheter and stent-valve) can be much smaller in diameter than previous 

delivery devices at the time of accessing the vascular system of the patient. At the same time, by 

15 thereafter uniting the stent-valve with the second, larger "delivery" balloon, sufficient stent 

expansion can be provided to ensure secure valve seating. 

In at least one embodiment, a woven wire "stent" with or without sheath investment is 

provided wherein its length is coupled to diameter. Nitinol or another alloy wire is formed in an 

expanded sheath shape and compressed by traction on trailing wire ends. At the point of the 

2 0 procedure requiring distal sheath expansion, the traction is released to allow expansion to a 

mechanically biased open position. Alternatively, traction wires may be attached to a distal end 

of the wire weave within the sheath and a traction force, there applied, causes simultaneous 

expansion and shortening of the distal end of the sheath, thereby advantageously releasing the 

underlying mounted stent-valve and exposing it for deployment. 

2 5 In at least one embodiment a mechanism is provided for retaining a stent-valve frame on 

a delivery balloon by magnetic or electromagnetic means. The frame is preferably constituted of 

or contains ferrous metal elements. By such means, a stent-valve can be securely advanced 

through the vascular system without need for a covering sheath, thereby simplifying the delivery 

procedure and the system. The stent-valve is retained on the balloon segment by magnetic force. 

3 0 In at least one embodiment, a device that utilizes magnetic force to deploy and, if 

desired, later retrieve a stent-valve is provided, the device using a magnetic force set at a level to 

permit ready balloon expansion of a stent-valve at a plane of the diseased native valve. As the 

frame of the stent-valve is pushed away from the magnet, retention force weakens, thereby 

allowing unimpeded final device expansion. A stronger magnet/electromagnet mounted on a 

35 separate catheter can be used to retrieve or reposition the stent-valve. In addition, a strong 
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magnet mounted on a retrieval catheter can be used to retract the stent-valve frame from the 

native valve seat. 

For the purposes of illustration but not limitation, embodiments of the one or more 

present inventions are hereinafter discussed in the context of delivering a prosthetic stent-valve 

5 to the aortic valve seat; however, it should be appreciated that at least one embodiment of the 

one or more present inventions is also applicable to other endoluminal delivery applications. 

Accordingly, in at least one embodiment, a system for providing endoluminal delivery of 

a deliverable device through vasculature of a patient to a delivery site within the patient is 

provided, the system comprising: 

10 an outer delivery sheath including a distal section, wherein at least a portion of 

the outer delivery sheath is sized for insertion into the vasculature of the patient; 

a carrier segment located at a distal portion of a catheter shaft, the carrier segment 

having an outer surface sized to temporarily hold the deliverable device in the distal 

section of the outer delivery sheath, wherein at least a portion of the catheter shaft is 

15 located within and coaxial to the outer delivery sheath; and 

a delivery segment located coaxial to the outer delivery sheath, the delivery 

segment having an outer surface sized to radially fit within the deliverable device after 

detaching the deliverable device from the carrier segment when the deliverable device 

resides within the distal section of the outer delivery sheath, wherein the delivery 

2 0 segment is configured to deploy the deliverable device at the delivery site. 

In addition to the foregoing, in at least one embodiment at least a portion of the distal 

section of the outer delivery sheath is expandable. In at least one embodiment, the at least a 

portion of the distal section of the outer delivery sheath comprises one or more electrically 

activated elements. In at least one embodiment, the at least a portion of the distal section of the 

2 5 outer delivery sheath comprises one or more piezo-ceramic elements. In at least one 

embodiment, the at least a portion of the distal section of the outer delivery sheath comprises a 

passively expandable material that is expandable upon application of an outward radial force 

applied by at least one of the carrier segment and the delivery segment. In at least one 

embodiment, the at least a portion of the distal section of the outer delivery sheath expands upon 

3 0 application of a tensile force to the at least a portion of the distal section. 

In at least one embodiment, the distal section includes at least one of an internal 

projection and a narrowed area extending radially inward from an interior surface of the distal 

section. 

In at least one embodiment, a portion of an internal surface of the outer delivery sheath 

3 5 further comprises a guide for retaining at least a portion of a longitudinally extending element 
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configured to selectively manipulate at least a part of the outer delivery sheath or a structure 

coaxial to the outer delivery sheath. In at least one embodiment, a portion of an internal surface 

of the outer delivery sheath further comprises a guide, the guide comprising at least one of: 

(a) a lumen; and 

5 (b) a grommet; 

wherein the guide retains at least one control line for selective retention of the deliverable 

device. 

In at least one embodiment, the carrier segment and the delivery segment are both 

situated upon the catheter shaft. In at least one embodiment, the carrier segment is situated upon 

10 the catheter shaft, and wherein the delivery segment is associated with a delivery segment shaft 

that is coaxial to the catheter shaft and axially moveable relative to the catheter shaft. In at least 

one embodiment, the carrier segment is an expandable balloon having an expanded diameter 

smaller than an expanded diameter for the delivery segment. In at least one embodiment, the 

delivery segment is an expandable balloon having an expanded diameter larger than an 

15 expanded diameter for the carrier segment. In at least one embodiment, at least one of the 

carrier segment and the delivery segment is a mandrel. In at least one embodiment, the mandrel 

is expandable by mechanical or electromechanical means. In at least one embodiment, the 

mandrel is not expandable. 

In at least one embodiment, the delivery segment is located axially proximal to the 

2 0 carrier segment. In at least one embodiment, the delivery segment is located axially distal to the 

carrier segment. 

In at least one embodiment, one or both of the carrier segment and the delivery segment 

include at least one magnet or electromagnet to aid manipulation of the deliverable device. 

In at least one embodiment an assembly for intravascular delivery of a deliverable device 

2 5 to a delivery site within a patient is provided, comprising: 

a first catheter including a first catheter shaft; 

a carrier segment situated along the first catheter shaft, the carrier segment 

configured to receive the deliverable device prior to inserting the first catheter within the 

patient; and 

3 0 a delivery segment sequentially positioned in an axial orientation relative to the 

carrier segment, wherein the delivery segment is configured to engage the deliverable 

device within the patient while the deliverable device is coaxial to at least a portion of 

the first catheter, and wherein the delivery segment is configured to thereafter deploy the 

deliverable device at the delivery site. 
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[0037] In at least one embodiment, the delivery segment is also situated along the first 

catheter. In at least one embodiment, the delivery segment is situated along a second catheter, 

the second catheter comprising a coaxial lumen through which passes the first catheter. In at 

least one embodiment, at least one of the first catheter and the second catheter comprise a curved 

5 distal portion. 

One or more embodiments of the one or more present inventions also pertain to methods 

of delivering a device, such as a stent-valve, within a patient. Accordingly, in at least one 

embodiment, a method of delivering a deliverable device through vasculature of a patient to a 

target site within the patient is provided, comprising: 

10 mounting the deliverable device on a selectively expandable carrier segment 

located along a catheter shaft, wherein at least a portion of the catheter shaft is located 

within and coaxial to an outer delivery sheath; 

inserting the outer delivery sheath and catheter shaft into the patient; 

moving the outer delivery sheath within the patient to position the selectively 

15 expandable carrier segment and the deliverable device near the target site; 

partially expanding the deliverable device using the selectively expandable 

carrier segment while the deliverable device remains at least partially within the outer 

delivery sheath; 

positioning a delivery segment radially within the deliverable device and partially 

2 0 expanding the delivery segment to facilitate engagement of the delivery segment with the 

deliverable device; 

moving the delivery segment and deliverable device to the target site; and 

deploying the deliverable device at the target site by further expanding the 

delivery segment. 

2 5 Various components are referred to herein as "operably associated." As used herein, 

"operably associated" refers to components that are linked together in operable fashion, and 

encompasses embodiments in which components are linked directly, as well as embodiments in 

which additional components are placed between the two linked components. 

As used herein, "at least one," "one or more," and "and/or" are open-ended expressions 

3 0 that are both conjunctive and disjunctive in operation. For example, each of the expressions "at 

least one of A, B and C," "at least one of A, B, or C," "one or more of A, B, and C," "one or 

more of A, B, or C" and "A, B, and/or C" means A alone, B alone, C alone, A and B together, A 

and C together, B and C together, or A, B and C together. 

Various embodiments of the present inventions are set forth in the attached figures and in 

35 the Detailed Description as provided herein and as embodied by the claims. It should be 
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understood, however, that this Summary does not contain all of the aspects and embodiments of 

the one or more present inventions, is not meant to be limiting or restrictive in any manner, and 

that the invention(s) as disclosed herein is/are understood by those of ordinary skill in the art to 

encompass obvious improvements and modifications thereto. 

5 Additional advantages of at least one embodiment of the one or more present inventions 

will become readily apparent from the following discussion, particularly when taken together 

with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

To further clarify the above and other advantages and features of the one or more present 

10 inventions, a more particular description of the one or more present inventions is rendered by 

reference to specific embodiments thereof which are illustrated in the appended drawings. It 

should be appreciated that these drawings depict only typical embodiments of the one or more 

present inventions and are therefore not to be considered limiting of its scope. The one or more 

present inventions are described and explained with additional specificity and detail through the 

15 use of the accompanying drawings in which: 

Fig. 1 is a schematic side view of a catheter-deliverable device frame (or stent-valve) 

known in the prior art; 

Fig. 2 is a schematic side view of a typical prior art large-diameter delivery balloon 

catheter in a deflated state; 

2 0 Fig. 3 is a schematic side view of a small-diameter delivery balloon catheter in a deflated 

state; 

Fig. 4A is a side view of an in-line dual balloon delivery system in accordance with at 

least one embodiment of the one or more present inventions; 

Fig. 4B is a side view of the system shown in Fig. 4A, wherein the carrier balloon is 

2 5 dilated to partially expand a stent-valve to accommodate the larger delivery balloon (catheter 

inflation ports, lumens, wire lumens not shown for clarity); 

Fig. 4C is a side view of the system shown in Fig. 4B, wherein the deflated carrier 

balloon is advanced out of the partially expanded valve device as the delivery balloon is 

advanced into the stent-valve to "capture" or "dock" with the stent-valve; 

3 0 Fig. 4D is a side view of the system shown in Fig. 4C, wherein the carrier balloon is 

optionally inflated to facilitate crossing the plane of the diseased heart valve with the delivery 

system, and wherein the delivery balloon is positioned astride the stent-valve to capture and 

subsequently deploy the stent-valve; 
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Fig. 4E is a side view of the system shown in Fig. 4D, wherein after the stent-valve is 

positioned in the plane of the heart valve, the sheath is withdrawn to expose the stent-valve in 

place at the heart valve seat and to allow for deployment if the stent-valve by expansion; 

Fig. 4F is a side view of the system shown in Fig. 4E, wherein with the stent-valve is 

5 positioned at the valve seat and the sheath withdrawn, and wherein the delivery balloon then 

expanded to deploy the stent-valve; 

Fig. 5A is a side view of a catheter delivery system in accordance with another 

embodiment of the one or more present inventions, wherein a carrier balloon shaft passes 

through a central coaxial lumen of a delivery balloon (wherein the wall of central lumen is 

10 omitted for clarity); 

Fig. 5B is a side view of the system shown in Fig. 5A, wherein partial inflation of the 

leading carrier balloon may be used as a "nose cone" to facilitate insertion of the delivery 

catheter into a patient's artery; 

Fig. 5C is a side view of the system shown in Fig. 5B, wherein full inflation of the 

15 leading carrier balloon partially expands the stent-valve within an expandable sheath segment; 

Fig. 5D is a side view of the system shown in Fig. 5C, wherein at "(1)" the leading 

carrier balloon is deflated and advanced out of the stent-valve, and wherein at "(2)" the delivery 

balloon is advanced into position within stent-valve to "dock" with or "capture" the stent-valve; 

Fig. 5E is a side view of the system shown in Fig. 5D, wherein the leading carrier 

2 0 balloon and guidewire are first advanced into the left ventricle (in the case of implantation in the 

native aortic valve seat), and wherein the leading carrier balloon shaft then acts as a guide rail 

for delivery of the balloon catheter; 

Fig. 6A is a side view of an embodiment of a sheath, wherein traction elongates the 

sheath weave and reduces its diameter, and wherein release of the traction shortens/retracts the 

2 5 sheath weave and expands its diameter; 

Fig. 6B is a side view of an embodiment of a cut shape memory alloy stent (nitinol) 

within a sheath wall investment that expands as a contained balloon and/or stent-valve (omitted 

for clarity) is expanded therein and self-contracts as the balloon is deflated; 

Fig. 6C is a side view of an embodiment of a plastic material sheath that passively 

3 0 expands; 

Fig. 6D is a side view of an embodiment of electrically actuated piezo-ceramic (p-c) 

elements sealed within an elastic sheath wall, wherein each p-c element is connected by a 

conductor pair to a voltage controlled power source, wherein a switch engages a power source, 

and wherein p-c elements expand the sheath when electrically energized; 
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Fig. 6E is a perspective view of an embodiment of actuator elements that utilize 

differential alloy laminates, wherein an application of current induces bend in the actuator; 

Fig. 7 is a side view of an embodiment of a device for retaining a stent-valve on a 

delivery balloon by magnetic or electromagnetic means (for Figs. 7-8B, conductors and a power 

source for electromagnet are not shown; the valve membrane or other valve mechanism is not 

shown; the balloon inflation lumen and optional control lines/harness are omitted for clarity); 

Fig. 8A is a side view of an embodiment of a retrieval catheter device that utilizes 

magnetic force to retrieve a stent-valve; 

Fig. 8B is a side view of a stent-valve wherein the stent-valve is contracted by magnetic 

force and thereafter can be retracted from the native valve seat by optional control lines or a 

harness; 

Fig. 8C is a side perspective view of an embodiment of a multipolar magnetic retrieval 

catheter system; and 

Fig. 8D is an end view of the system shown in Fig. 8C positioned radially within a stent-

valve. 

For the figures presented herein, balloons in a collapsed state are depicted as partially 

expanded to emphasize the difference in sizes. In addition, balloon catheter wire lumen and 

inflation lumens are omitted for clarity. 

The drawings are not necessarily to scale. 

DETAILED DESCRIPTION 

Overview 

In general, at least one embodiment of the one or more present inventions uses a serial 

approach for delivering and deploying the percutaneous aortic valve at the valve seat. This 

serial approach allows various components of the combined assembly (i.e., the various 

components of the balloon catheter and the stent-valve) to be separately introduced into the 

vascular system of the patient, each with its own minimized profile, so as to facilitate a low-

profile endoluminal delivery of the system components into the large central blood vessels (e.g. 

the aorta) where, in a preferred sequence, these components are co-axially re-assembled prior to 

advancement to the target valve seat. As a result, at least one embodiment of the one or more 

present inventions facilitates femoral artery access to the aortic valve seat, even with patients 

having small femoral artery diameters (e.g., elderly female patients). In other words, since the 

various components of the system are not fully assembled at the time of insertion into the 

vascular system of the patient, and are only fully assembled at some point subsequent to 

insertion (e.g., within a larger diameter blood vessel upstream (farther inward) of the insertion 

site), a relatively large access vessel is no longer necessary - thereby making percutaneous heart 
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valve therapy available for a larger patient population and with a lower risk of access site and 

blood vessel complications. By way of example but not limitation, where the intravascular 

device comprises an aortic stent-valve, the various components of the system can be easily 

introduced into a relatively narrow femoral artery and thereafter assembled in a larger upstream 

5 (farther inward) vessel (e.g., in the relatively wide aorta) before being advanced to and seated at 

the native aortic valve seat. 

More particularly, at least one embodiment of the one or more present inventions 

preferably utilizes two separate balloons for a staged deployment of the stent-valve: a first, 

smaller-diameter "carrier" balloon for initial stent expansion (e.g., for preliminarily expanding 

10 the stent while the stent-valve is disposed in the descending aorta), and a second, larger-diameter 

"delivery" balloon for ultimate stent seating at the native valve seat. In one preferred form of at 

least one embodiment of the one or more present inventions, the stent-valve is mounted on the 

deflated first, smaller-diameter "carrier" balloon, then this relatively small assembly is 

introduced (within a covering sheath) into the relatively small femoral artery, advanced through 

15 the femoral artery, up through the iliac artery, and then into the relatively large descending aorta. 

The first, smaller-diameter "carrier" balloon is then inflated so as to expand the stent-valve to an 

intermediate diameter configuration that is large enough in diameter to receive the deflated 

second, larger-diameter "delivery" balloon. The first "carrier" balloon is then deflated, the first 

"carrier" balloon is withdrawn and replaced by the deflated second "delivery" balloon which, by 

2 0 partial inflation or other means, captures the stent-valve, and the assembly is then advanced up 

the descending aorta, ascending aorta, etc. to the native valve seat. The second "delivery" 

balloon is then inflated so as to set the stent-valve at the valve seat. Finally, the second 

"delivery" balloon is deflated and withdrawn from the surgical site. 

In-line Dual-Balloon Catheter Delivery System 

2 5 With reference now to Figs. 4A-4F, a stent-valve 120 may be advanced upon a first, 

smaller-diameter "carrier" balloon to the aorta and initially deployed (using the first, smaller-

diameter "carrier" balloon) to an intermediate size, followed by co-axial exchange for the 

second, larger-diameter "delivery" balloon for advancement to the valve seat, and then further 

expansion of the stent-valve 120 at the valve seat. Alternatively, the stent-valve 120 may be 

3 0 advanced upon the carrier balloon all the way to the target valve seat and initially deployed 

before coaxial exchange for the delivery balloon and subsequent final expansion. 

Referring now to Fig. 4A, an integrated system is shown in the form of an in-line dual-

balloon delivery catheter system 100 that features an in-line dual-balloon catheter configuration. 

The configuration shown in Fig. 4A illustrates the in-line dual-balloon delivery catheter system 

35 100 as it is being translated through the patient's body toward the target valve seat, such as the 

- 12-



WO 2012/006124 PCT/US2011/042252 

aortic valve. For the in-line dual-balloon delivery catheter system 100 described herein, the 

carrier segment 112 is a lead/carrier balloon or mandrel at the distal portion of a catheter with 

the carrier segment 112 arrayed in-line on a catheter shaft with a more proximally positioned 

delivery segment 111 together at the distal portion of the catheter shaft. Alternatively, the 

5 delivery segment may be positioned distal to the carrier segment. The carrier segment 112 and 

delivery segment 111 are, for the case of the balloon-expandable stent-valve 120 example in this 

discussion, expandable balloons, for example, but may also be mandrels or expandable 

mandrels. 

Here, it is noted that, in at least one embodiment (including both the in-line dual-balloon 

10 delivery catheter system 100 and the telescoping delivery system 200), a delivery segment 

comprising a delivery mandrel can be non-expanding. By way of example and not limitation, 

the means by which the delivery segment retains the stent-valve may vary. For example, in 

addition to friction, the delivery segment may retain the stent-valve by use of magnetic force. 

For such an assembly, if the stent-valve (or other deliverable device) is self-expanding or 

15 actuated to expansion and retained on the delivery segment for release by some other means 

(electronic, heat, e.g.), then the delivery mandrel can be non-expanding. 

For the configuration shown in Fig. 4A, an outer delivery sheath 101 having, for 

example, a lengthwise body 104 that is 14 French inside diameter, is coaxially situated over a 

guidewire 131, for example, a 0.035 inch diameter wire, whereupon the integrated pair of 

2 0 expandable balloons reside. It is noted that all sizes and material types presented herein are 

exemplary and are not intended to be limiting, nor should they be interpreted as limiting, unless 

otherwise claimed. Although not required, an optional nose cone 113 may be positioned distally 

of the carrier segment 112 to assist with insertion of the catheter into the artery and subsequent 

traverse through it. In the embodiment wherein the delivery segment is disposed distal to the 

2 5 carrier segment, said nose cone is positioned immediately distal to the delivery segment and 

approximated to the tip of the sheath. The carrier segment 112 is used to hold the stent-valve 

120 in place within the outer delivery sheath 101 and provide initial expansion of the stent-valve 

120. Thereafter, the delivery segment 111 is used to provide final expansion of the stent-valve 

120 for deployment of the stent-valve 120 at the valve seat. 

3 0 The in-line dual-balloon delivery catheter system 100 is assembled external to the body 

by passing the delivery catheter with its linearly arrayed carrier segment 112 and delivery 

segment 111 within the central coaxial lumen of the delivery sheath 101 such that the carrier 

segment 112 of the catheter extends and is fully exposed beyond the distal terminal opening of 

the delivery sheath 101. The catheter-deliverable device, such as the stent-valve 120 in this 

3 5 example, is then coaxially mounted upon the carrier segment 112 by collapsing and compressing 
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it onto the carrier segment 112 such that friction between the two retains the device 120 upon the 

carrier segment 112. The carrier segment 112 with the catheter-deliverable device (stent-valve 

120) mounted upon it is then retracted back (proximally) into the distal portion of the delivery 

sheath 101 so that the device is completely covered within the sheath 101. In some cases the tip 

5 of the carrier segment 112 may be extended beyond the end of the sheath. In such a case, partial 

expansion of the leading tip 113 of the carrier segment 112 (balloon or expandable mandrel) 

may be used to form the tapered "nose cone" as noted above, to facilitate advancement or 

insertion of the delivery system into the blood vessel. Alternatively, the carrier segment may be 

fabricated with a soft plastic tapered tip for this purpose. 

10 In the example of retrograde (in relation to blood flow) passage of the delivery system 

carrying the catheter-deliverable device, initial guidance for passage of the delivery system is 

established by advancement of the guidewire 131 across the heart valve seat 141 into the 

upstream anatomic chamber, such as the left ventricle, there acting as a guiding rail for the 

coaxial advancement of the delivery system catheters. Then, at a point external to the body, by 

15 inserting the guide wire 131 into the distal tip of the carrier segment 112 of the delivery catheter, 

the assembled in-line dual-balloon delivery catheter system 100 with sheath 101 is then 

advanced into the body coaxially over the guidewire 131 to a position proximate to but short of 

the target anatomic site—in this case, the diseased heart valve seat 141. 

Referring now to Fig. 4B, when in the aorta, the leading carrier segment 112 is expanded 

2 0 as by balloon inflation, thus partially expanding the catheter-deliverable device (stent-valve 120) 

within the expandable distal segment 103 of the delivery sheath 101. That is, the carrier 

segment 112 is used to pre-dilate the stent-valve 120 so that the diameter of the stent-valve 120 

is sufficient to accept the delivery segment 111 when the delivery segment 111 is at least 

partially deflated or not fully expanded. The outer delivery sheath may include an expandable 

2 5 and flexible distal segment to accommodate the partially expanded stent-valve 120 and hold the 

partially expanded stent-valve 120 in place. The carrier segment 112 is then contracted as by 

balloon deflation and advanced by advancing the delivery catheter out of the catheter-deliverable 

device (stent-valve 120) that is retained within the expanded distal segment 103 of the sheath 

101. Optional shallow flanges 102 on the internal surface of the sheath 101 immediately 

3 0 proximal and/or distal to the mounted position of the device 120 can be used to assist in 

retention of the device during movement relating to the exchange of the carrier segment 112 for 

the delivery segment 111 with the advance of the delivery catheter. Alternatively, retention or 

control lines 123, 124 of wire or suture material may be attached to the device 120, as on the 

frame 121 of the stent-valve 120. Other forms of retaining force may be advantageously 
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applied, such as by incorporating magnetic or electromagnetic elements within the delivery 

catheter shaft or within the sheath wall. 

Referring now to Fig. 4C, as the delivery catheter 110 is thus advanced, the delivery 

segment 111 integrated thereupon thus is also advanced within the sheath 101 to a position 

5 astride the catheter-deliverable device (stent-valve 120) within the delivery sheath 101, with the 

tip of the delivery catheter extended beyond the tip of the delivery sheath 101. More 

particularly, the delivery segment 111 is advanced axially to a position radially interior to the 

stent-valve 120. The delivery segment 111 is then partially expanded to contact the stent-valve 

120. 

10 Referring to Fig. 4D, with the delivery segment 111 positioned within the stent-valve 

120, in at least one embodiment the carrier segment 112 is positioned at the valve seat and may 

be further expanded to facilitate advancement of the stent-valve 120 within the plane of the 

aortic valve. That is, if deemed desirable by the surgeon, the carrier segment 112 is temporarily 

expanded and then contracted or deflated within the plane of the valve seat to facilitate 

15 subsequent axial advancement of the delivery segment 111 that carries the stent-valve 120. 

With the projected tip of the delivery segment, and beyond that the carrier segment 

leading, the delivery catheter, catheter-deliverable device (stent-valve 120), and delivery sheath 

101 are advanced together as a unit across the target anatomic plane (native heart valve seat 141, 

for example) to a position astride the target plane deemed suitable for deployment of the 

2 0 catheter-deliverable device (stent-valve 120). In the embodiment wherein the carrier segment is 

disposed proximal to the delivery segment this advancement occurs with the tip of the delivery 

segment leading the catheter assembly, and the carrier segment further proximal within the 

sheath. Referring now to Fig. 4E, after the delivery segment 111 is positioned in the plane of the 

target valve seat, the outer delivery sheath of the delivery system is withdrawn (as shown by the 

2 5 arrows in Fig. 4E) to expose the stent-valve 120; however, the stent-valve 120 remains 

undeployed because it continues to remain attached to the delivery segment 111. That is, the 

delivery sheath 101 is coaxially retracted with the delivery catheter held in place so as to expose 

the catheter-deliverable device (stent-valve 120) retained upon the delivery segment 111 at the 

site of deployment. The catheter-deliverable device (stent-valve 120) is then deployed by 

3 0 expansion of the delivery segment 111, such as by balloon inflation. Accordingly, and referring 

now to Fig. 4F, after the stent-valve 120 is exposed at the plane of the aortic valve, the delivery 

segment 111 is expanded to deploy the stent-valve 120. With full expansion and deployment of 

the catheter-deliverable device (stent-valve 120) the device is retained within the target anatomic 

plane (native heart valve seat 141). The delivery segment 111 is then contracted as by balloon 

35 deflation, function of the deployed device is confirmed, and the delivery catheter, delivery 
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sheath 101, and guidewire 131 are retracted from the anatomic target area and removed from the 

body to complete the procedure. 

In at least one embodiment, optional retention/control lines 123, 124 are released from 

valve frame 121 after successful deployment of stent-valve 120 is confirmed. Then balloon 

5 catheter 110 and guidewire 131 are removed from the valve seat 141 and withdrawn into sheath 

101 for removal from the body. 

In at least one embodiment, the carrier segment 112 is located axially proximal to the 

delivery segment 111. For such a configuration, the delivery segment 111 is advanced outside 

the sheath 101 and leads the assembly until the point the exchange is made. Then after the stent-

10 valve 120 is partially expanded by the carrier segment 112, the delivery segment 111 is pulled 

back into the sheath 101 where the stent-valve 120 is retained, and the delivery segment 111 

then captures the stent-valve 120. In this case, the tip of the delivery segment 111 at the tip of 

the sheath 101 will lead the further advance while the carrier segment 112 is sequestered more 

proximally in the sheath 101. 

15 Telescoping Catheter Delivery System 

Referring now to Figs. 5A-5E, in an alternative embodiment, a telescoping delivery 

system 200 for a stent-valve 120 is provided wherein a delivery balloon catheter 210 is co­

axially situated or "threaded" over a carrier balloon catheter shaft 224 associated with a carrier 

segment 221. Accordingly, the carrier segment 221 can be advanced axially independent of the 

2 0 axial position of the delivery balloon 211. As a result, the carrier segment shaft 224 acts as a 

guide rail for the delivery balloon catheter 210 and the stent-valve 120 that is then radially 

positioned exterior to the delivery balloon 211. Step-by-step illustrations are provided in the 

drawings and are described in the following paragraphs. 

Referring now to Fig. 5A, an outer delivery sheath 101 having, for example, a proximal 

2 5 shaft body with a 14 French inside diameter, is coaxially situated over a guidewire 131, 

whereupon a carrier segment shaft 224 and a delivery balloon shaft 214 are also co-axially 

situated. For the embodiment of the telescoping delivery system 200 described, the carrier 

segment 221 is a carrier balloon or mandrel at a distal portion of a carrier catheter 220 that is 

passed within the central lumen of a larger delivery catheter 210 that has a delivery segment 211 

3 0 at its distal portion. By way of example and not limitation, the carrier segment shaft has a 0.035 

inch outer diameter and is connected to the carrier segment 221 that is expandable to between 5-

10 mm in diameter. The delivery segment 211 is, for the case of the balloon-expandable stent-

valve 120 example, an expandable delivery balloon, for example. Accordingly, the delivery 

balloon may have an outside diameter of, for example, approximately 12-14 French when 
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uninflated, and, in separate embodiments, is located axially either proximal or distal to the 

carrier segment 221. 

The system is assembled external to the body by passing the carrier catheter 220 within 

the central coaxial lumen of the larger delivery catheter 210 such that the carrier segment 221 

5 extends and is fully exposed beyond the tip 212 of the delivery catheter. These two catheters 

thus joined are then passed together through the delivery sheath 101 such that the carrier 

segment 221 of the carrier catheter 220 again extends and is fully exposed beyond the tip of the 

delivery sheath 101. The catheter-deliverable device, such as the stent-valve 120 in this 

example, is then coaxially mounted upon the carrier segment 221 by collapsing and compressing 

10 it onto the carrier segment 221 such that friction between the two retains the device 120 upon the 

carrier segment 221. The carrier segment 221 with the catheter-deliverable device (stent-valve 

120) mounted upon it is then retracted back (proximally) into the delivery sheath 101 so that the 

device is completely covered within the sheath 101. 

Referring now to Fig. 5B, the lead carrier segment balloon 221 optionally may be 

15 partially expanded to hold the stent-valve 120 within the outer delivery sheath 101. In addition, 

in some cases the tip 222 of the carrier catheter and carrier segment 221 may be extended 

beyond the end of the sheath 101. In such a case, partial expansion of the leading tip 223 of the 

carrier segment 221 (balloon or expandable mandrel) may be used to form a tapered "nose cone" 

to facilitate advancement or insertion of the delivery system into the blood vessel. Alternatively, 

2 0 and as previously noted for the in-line dual-balloon delivery catheter system 100, the carrier 

catheter 220 for the telescoping delivery system 200 may be fabricated with a soft plastic 

tapered tip for this purpose. 

In the example of retrograde (in relation to blood flow) passage of the delivery system 

carrying the catheter-deliverable device, initial guidance for passage of the delivery system is 

2 5 established by advancement of the guidewire 131 across the heart valve seat 141 into the 

upstream anatomic chamber, such as the left ventricle, there acting as a guiding rail for the 

coaxial advancement of the delivery system catheters. Then, at a point external to the body, by 

inserting the guide wire 131 into the distal tip of the carrier catheter 220, the assembled delivery 

catheter system 200 with carrier catheter 220, delivery catheter 210 and sheath 101 is then 

3 0 advanced into the body coaxially over the guidewire 131 to a position proximate to but short of 

the target anatomic site—in this case, the diseased heart valve seat 141. 

Referring now to Fig. 5C, in at least one embodiment, when in the aorta the carrier 

segment 221 is further expanded to effect expansion of the stent-valve 120 within the outer 

delivery sheath so that the delivery balloon can be advanced axially and positioned radially to 

35 the interior of the stent-valve 120. That is, when in the aorta, the leading carrier segment 221 is 
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expanded, such as by balloon inflation, thus partially expanding the catheter-deliverable device 

(stent-valve 120) within the expandable distal segment 103 of the delivery sheath 101. In at 

least one embodiment, the outer delivery sheath 101 includes an expandable, flexible distal 

segment 103 that allows partial expansion of the stent-valve 120 within the outer delivery 

5 sheath, such as to a sufficient diameter to receive the unexpanded delivery balloon 211. 

Although the distal segment of the outer delivery sheath may be expandable, the outer delivery 

sheath shaft 104 located axially proximal to the carrier segment 221 preferably remains 

relatively small in diameter, that is, at its original unexpanded diameter, such as having a 14 

French inside diameter at the entry point of the body and blood vessel. 

10 With reference now to Fig. 5D, after partial expansion of the stent-valve 120 within the 

distal portion 103 of the outer delivery sheath 101, the carrier segment 221 is contracted as by 

balloon deflation and is then advanced axially beyond the outer delivery sheath 101 and out of 

the catheter-deliverable device (stent-valve 120) leaving it retained within the expanded distal 

segment 103 of the sheath 101. 

15 The delivery segment balloon 211 is then axially advanced to a position radially to the 

interior of the stent-valve 120. With the delivery segment 211 of the delivery catheter 210 then 

coaxially advanced over the shaft 224 of the carrier catheter to a position astride the catheter-

deliverable device (stent-valve 120) within the delivery sheath 101, the delivery segment balloon 

211 is then partially expanded to dock or capture the stent-valve 120. 

2 0 Referring now to Fig. 5E, the leading carrier segment balloon 221 of the carrier catheter 

220 is then advanced across the target anatomic plane (native heart valve seat 141) coaxially 

following the guide wire 131 there in place, where it then provides additional mechanical 

guidance and support for the further coaxial advancement of the larger delivery catheter 210 

upon the shaft 224 of the carrier catheter 220. Alternatively, the carrier catheter 220 may be 

2 5 coaxially withdrawn from the system and the body leaving the guide wire in place , then a 

shaped catheter (one with specifically designed terminal curves, such as "pig tail" or Amplatz 

type curves commonly found on angiographic catheters, to facilitate its being properly situated 

relative to the anatomy) may then be advanced over the guide wire to the upstream anatomic 

chamber, its shaft then substituting for the shaft 224 of the carrier catheter. Accordingly, Fig. 

3 0 5E illustrates the guidewire 131 and carrier segment 221 as having passed the aortic valve such 

that the guidewire and carrier segment reside within the patient's left ventricle. Axial 

advancement of the carrier segment 221 and the carrier catheter shaft 224 can be done 

independent of the location of the delivery balloon 211. Thereafter, the delivery segment 

balloon 211 and the delivery catheter shaft 214 are axially advanced co-axially over the carrier 

35 catheter shaft 224 that acts as a guide rail for the delivery segment balloon 211. More 
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particularly, with the projected tip 212 of the delivery catheter 211 leading beyond the tip of the 

sheath, the delivery segment 211, catheter-deliverable device (stent-valve 120), and delivery 

sheath 101 are advanced together as a unit across the target anatomic plane (native heart valve 

seat 141, for example) to a position astride the target plane deemed suitable for deployment of 

5 the catheter-deliverable device (stent-valve 120). 

Once positioned at the plane of the valve seat of the patient's aortic valve, the delivery 

sheath 101 is coaxially retracted with the delivery catheter held in place so as to expose the 

catheter-deliverable device (stent-valve 120) retained upon the delivery segment 211 at the site 

of deployment. Thereafter, the final delivery balloon is expanded to deploy the stent-valve 120. 

10 With full expansion and deployment of the catheter-deliverable device (stent-valve 120) 

the device is retained within the target anatomic plane (native heart valve seat 141). The delivery 

segment 211 is then contracted as by balloon deflation, function of the deployed device is 

confirmed, and the delivery catheter, carrier catheter, delivery sheath 101, and guide wire 131 

are retracted from the anatomic target area and removed from the body to complete the 

15 procedure. 

Expandable Outer Delivery Sheath 

As described herein, at least one embodiment of the endoluminal delivery system 

includes an outer delivery sheath that further comprises a distal segment that is expandable. 

Several different ways of providing an expandable distal segment are described in the following 

2 0 paragraphs. 

Referring now to Fig. 6A, the distal segment of the outer delivery sheath 310 may 

comprise a woven alloy wire portion 311. By way of example and not limitation, the distal 

segment may be similar in design to the IDEV TECHNOLOGIES SUPERA® stent that includes 

woven nitinol wire. Alternatively, in at least one embodiment, the woven wire portion 311 may 

2 5 further comprise a flexible plastic investment; that is, a configuration wherein the woven wire 

portion resides within a flexible plastic matrix forming a tubular portion of the outer delivery 

sheath. In typical operation, the wire weave is formed in expanded configuration and elongated 

by longitudinal traction force on the wire elements with resulting contraction of the tubular form 

to a decreased diameter. Thereafter, the release of traction force effects self-expansion of the 

3 0 weave. In at least one embodiment, a distal portion of the distal segment of the outer delivery 

sheath 310 may be widened by using control lines to pull on control ends of the woven wire 

portion of the distal segment. 

Referring now to Fig. 6B, in an alternative embodiment, the distal segment of the outer 

delivery sheath 320 includes a cut nitinol stent 321 residing within the sheath investment. More 

35 particularly, the distal segment of the outer delivery sheath includes a nitinol stent 321 
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embedded within the distal segment, wherein the nitinol stent 321 provides shape-memory 

functionality for the distal segment. As a result, when the balloon catheter is inflated within the 

distal segment with the stent-valve 120 mounted on it, the distal segment expands to 

accommodate the inflated balloon catheter and stent-valve. Thereafter, when the balloon 

5 catheter is pushed out of the outer delivery sheath 320, the distal segment then retracts because 

of the shape-memory functionality associated with the nitinol stent 321 residing with the distal 

segment. 

Referring now to Fig. 6C, in at least one embodiment the distal segment of the outer 

delivery sheath 330 comprises an elastic material that can passively expand and optionally 

10 retract. That is, when a balloon catheter is expanded within the distal segment, the elastic 

material accommodates the expansion. Thereafter, with deflation of the balloon catheter the 

elastic material forming the distal segment retracts. Alternatively, the sheath material, such as 

PTFE (polytetrafluoroethylene) may expand but not contract. In such case, the thin-walled 

sheath material folds inward along longitudinal lines when retracted through a proximally 

15 disposed entry sheath or the vascular entry point itself, permitting ready removal from the body, 

even in a persistently expanded condition. 

Referring now to Fig. 6D, in an alternative embodiment, the distal segment of the outer 

delivery sheath 340 includes a plurality of electrically actuated piezo-ceramic elements 341. 

Electrical wiring or conductors 342 extend to the proximal end of the outer delivery sheath 340 

2 0 to facilitate application of an electrical current to the piezo-ceramic elements 341. When 

desired, the surgeon closes a circuit to engage a power source 343 and apply the electrical 

current to the piezo-ceramic elements 341 via the electrical wiring or conductors 342. Upon 

being energized, the piezo-ceramic elements 341 expand the distal segment of the outer delivery 

sheath 340. Contraction of the distal segment is achieved by terminating the electrical current to 

2 5 the piezo-ceramic elements 341. Further reference here is made to U.S. Patent No. 5,415,633, 

the content of which is incorporated by reference in its entirety. 

Referring now to Fig. 6E, a variation of the use of electrically charged elements 

comprises the use of active elements featuring differential alloy sandwiches or laminates 344 

that bend when a current is applied. The bending of the active elements causes the distal 

3 0 segment to expand. As with the piezo-ceramic elements 341 described above, contraction of the 

distal segment is achieved by terminating the application of electrical current to the differential 

alloy sandwiches or laminates 344. 

In another alternative embodiment, a magnetic or electromagnetic force is used to retain 

a stent-valve 120 on a delivery segment balloon for advancement to the target valve plane and 

35 subsequent deployment. More particularly, and with reference now to Fig. 7, an alternative 
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endoluminal magnetic delivery system 400 is shown that utilizes a magnetic or electromagnetic 

force to maintain the position of the stent-valve 120 on the delivery segment balloon 411, 

wherein the delivery segment balloon 411 is located at or near the distal portion of a delivery 

catheter shaft 414. The magnet or electromagnet 416 are preferably incorporated into the 

5 balloon catheter shaft 414 co-axial to and axially centered along the delivery segment balloon 

411 so as to align with the axial position of the mounted stent-valve. As one of skill in the art 

will appreciate, the stent-valve 120 must incorporate a material susceptible to magnetism in a 

sufficient quantity and distribution to facilitate attraction of the stent-valve 120 to the magnet or 

electromagnet 416 incorporated into the balloon catheter shaft 414. A guidewire 131 serves to 

10 guide the co-axially situated delivery balloon catheter 410. The delivery balloon may be 

partially expanded to: (a) provide a nose cone for facilitating insertion of the delivery system 

into, and traverse through the patient's blood vessel; and/or (b) to provide further frictional force 

for securing the stent-valve 120. Since the stent-valve 120 is held in place by a magnetic or 

electromagnetic force as well as any further frictional force due to partial expansion of the 

15 delivery balloon, the stent-valve 120 can be securely advanced through the patient's vascular 

system without need of an outer delivery sheath, thereby simplifying and reducing the profile of 

the delivery system. Once the target valve plane is reached, the delivery balloon 411 is 

expanded, thereby overcoming the magnetic or electromagnetic force (of course, an 

electromagnetic force may be terminated by stopping current to the electromagnet), to deploy 

2 0 the stent-valve 120 at the plane of the diseased native valve. Similarly, the magnet of the 

magnetic delivery catheter 410 may be incorporated into the delivery segment balloons of the in­

line dual balloon system 100 and/or the telescoping catheter delivery system 200 in a similar 

manner to facilitate capture and retention of the stent-valve upon the delivery segment balloon in 

its traverse through the anatomic structures. 

2 5 In addition to endoluminal delivery of a stent-valve 120, at least one embodiment of the 

one or more present inventions is directed to a retrieval and/or repositioning system 500 that can 

be used to remove a deployed stent-valve 120 from a patient, or otherwise reposition the stent-

valve 120 within the patient. With reference now to Figs. 8A and 8B, an embodiment of a 

retrieval and/or repositioning system 500 is shown. The retrieval and/or repositioning system 

3 0 comprises a retrieval catheter 510 on a distal portion of which is integrated a magnet 511, and 

more preferably, an electromagnet of sufficient strength to at least partially collapse and secure a 

previously deployed stent-valve 120. With reference to Fig. 8B, the partially collapsed valve is 

then either withdrawn (that is, retrieved from the patient), for example as by traction on optional 

control lines 124 as shown, or repositioned and then redeployed. 
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Referring now to Figs. 8C and 8D, in a separate embodiment, a multipolar magnetic 

retrieval catheter system 520 is provided in which multiple magnetic elements 522 are 

circumferentially arrayed and disposed at a distal portion of a retrieval catheter 521 in a manner 

that allows the radially outward movement of the magnets 522, and the portions of the 

5 underlying catheter elements 523 to which they are attached, into contact with the radially 

interior surface of the deployed stent-valve 120. In at least one embodiment, the underlying 

portions 523 of the catheter to which the magnets 522 are attached are longitudinally separate 

from each other so that they are free to move independently from each other as the attached 

magnets 522 move radially outward. In at least one embodiment, the magnets 522 are of like 

10 polarity and are initially restrained into proximity with each other by an overlying sheath 

mechanism. When said sheath 524 is retracted the distal catheter portions 523 with their 

attached magnets 522 move radially outward under repulsive magnetic force into contact with 

the stent-valve 120. The close proximity if not complete contact of the magnets 522 to the stent-

valve frame 121 advantageously maximizes the retention force facilitating the traction force 

15 applied in the removal of the device from the valve plane. The sheath 524 may be re-advanced 

over the magnetic distal portions 523 of the catheter, thus applying radially inward force on the 

device frame that serves to contract it and facilitate its removal under axial traction. 

Shaped Catheter 

The various sheath and catheter shafts described herein for the various embodiments may 

2 0 include a "shaped" distal portion. More particularly, a "shaped" catheter may be used to assist 

in crossing anatomic resistance or provide guidance for recrossing the valve plane in the event 

the guide wire is displaced from the ventricle. This problem occurs when the stent-valve and the 

delivery system are advanced around the aorta. In such a situation, the traction forces, not 

uncommonly, will pull the guide wire out of the ventricle. If this happens—with the delivery 

2 5 system already in the aorta—it requires the delivery system be removed from the patient's body 

and the sequence started over from the beginning. Advantageously, one or more embodiments 

described herein can assist with avoiding this problem. That is, a catheter can be used that 

includes a distal portion with one or more curved shapes, such as "pig tail" or Amplatz type 

curves commonly found on angiographic catheters, and including a central coaxial lumen 

3 0 through which is passed the guidewire. The shaped catheter is used to "steer" the guide wire 

across the very narrowed valve orifice. Thus, in one embodiment, a "shaped" catheter is passed 

within the central lumen of the delivery catheter. In such a configuration, the guide wire can be 

re-crossed through the valve plane more readily, and the shaped catheter—advantageously, a 

relatively firm catheter—can be advanced to the ventricle and left to act as an enhanced support 

3 5 rail for the delivery catheter. 
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To assist in the understanding of the present invention the following list of components 

and associated numbering found in the drawings is provided herein: 

Number Component 

100 In-Line Dual Balloon Catheter Delivery System 

5 101 Delivery Sheath 

102 Optional Flange Of Internal Sheath 

103 Expandable, Flexible Sheath Segment 

104 Sheath Body 

110 Dual In-Line Balloon Catheter Assembly 

10 111 Delivery Segment Is Delivery Balloon 

112 Carrier Segment Is In-Line Leading Carrier Balloon 

113 Optional Nose Cone 

114 Exit Of Distal Control Lines From Catheter Shaft 

120 Stent-Valve Assembly 

15 121 Valve Frame 

122 Collapsed Valve Membrane 

123 Optional Control Lines Attached To Distal End Of Valve Frame (Passed Within 

Catheter Shaft) 

124 Optional Control Lines Attached To Proximal End Of Valve Frame 

2 0 130 Guide Wire Assembly 

131 GuideWire 

140 Native Heart Valve 

141 Native Heart Valve Seat 

200 Telescoping Balloon Catheter Delivery System 

2 5 210 Delivery Balloon Catheter Assembly 

211 Delivery Segment Is Delivery Balloon 

212 Tip Of Delivery Segment Balloon 

213 Partially Inflated Leading Tip Of Delivery Segment Balloon 

214 Delivery Balloon Catheter Shaft 

3 0 220 Carrier Balloon Catheter Assembly 

221 Carrier Segment Is Leading Balloon That Coaxially Telescopes Within Central 

Lumen Of Delivery Segment Balloon 

222 Tip Of Carrier Segment Balloon 

223 Inflated Leading Tip Of Carrier Segment Balloon 

3 5 224 Shaft Of Carrier Catheter 

-23 -



WO 2012/006124 PCT/US2011/042252 

300 Expandable Sheath System 

310 Woven Wire Sheath 

320 Sheath With Embedded Nitinol Stent 

321 Nitinol Stent 

5 330 Flexible Plastic Sheath 

340 Electronically Actuated Sheath 

341 Piezo-Ceramic Elements 

342 Conductors 

343 Power Source 

10 344 Alloy Laminates 

400 Magnetic Balloon Catheter Delivery System 

410 Magnetic Balloon Delivery Catheter 

411 Delivery Balloon 

412 Tip Of Magnetic Balloon Delivery Catheter 

15 413 Partially Inflated Tip Of Delivery Balloon 

414 Shaft Of Magnetic Balloon Delivery Catheter 

415 Guide Wire Lumen Of Magnetic Balloon Delivery Catheter 

416 Magnet Or Electromagnet 

500 Magnetic Retrieval Catheter System 

20 510 Magnetic Retrieval Catheter Assembly 

511 Magnet Or Electromagnet 

520 Multipolar Magnetic Retrieval Catheter Assembly 

521 Multipolar Magnetic Retrieval Catheter 

522 Magnets - Circumferentially Arrayed 

25 523 Distal Mobile Catheter Elements Attaching To Magnets 

524 Sheath 

The one or more present inventions may be embodied in other specific forms without 

departing from its spirit or essential characteristics. The described embodiments are to be 

considered in all respects only as illustrative and not restrictive. The scope of the one or more 

3 0 present inventions is, therefore, indicated by the appended claims rather than by the foregoing 

description. All changes which come within the meaning and range of equivalency of the claims 

are to be embraced within their scope. 

The one or more present inventions, in various embodiments, includes components, 

methods, processes, systems and apparatus substantially as depicted and described herein, 

3 5 including various embodiments, subcombinations, and subsets thereof. Those of skill in the art 
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will understand how to make and use the one or more present inventions after understanding the 

present disclosure. 

The one or more present inventions, in various embodiments, includes providing devices 

and processes in the absence of items not depicted and/or described herein or in various 

5 embodiments hereof, including in the absence of such items as may have been used in previous 

devices or processes (e.g., for improving performance, achieving ease and/or reducing cost of 

implementation). 

The foregoing discussion of the one or more present inventions has been presented for 

purposes of illustration and description. The foregoing is not intended to limit the one or more 

10 present inventions to the form or forms disclosed herein. In the foregoing Detailed Description 

for example, various features of the one or more present inventions are grouped together in one 

or more embodiments for the purpose of streamlining the disclosure. This method of disclosure 

is not to be interpreted as reflecting an intention that the claimed one or more present inventions 

requires more features than are expressly recited in each claim. Rather, as the following claims 

15 reflect, inventive aspects lie in less than all features of a single foregoing disclosed embodiment. 

Thus, the following claims are hereby incorporated into this Detailed Description, with each 

claim standing on its own as a separate preferred embodiment of the one or more present 

inventions. 

Moreover, though the description of the one or more present inventions has included 

2 0 description of one or more embodiments and certain variations and modifications, other 

variations and modifications are within the scope of the one or more present inventions (e.g., as 

may be within the skill and knowledge of those in the art, after understanding the present 

disclosure). It will be understood that many changes in the details, materials, steps and 

arrangements of elements, which have been herein described and illustrated in order to explain 

2 5 the nature of the invention, may be made by those skilled in the art without departing from the 

scope of embodiments of the one or more present inventions. It is intended to obtain rights 

which include alternative embodiments to the extent permitted, including alternate, 

interchangeable and/or equivalent structures, functions, ranges or steps to those claimed, 

whether or not such alternate, interchangeable and/or equivalent structures, functions, ranges or 

3 0 steps are disclosed herein, and without intending to publicly dedicate any patentable subject 

matter. 
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CLAIMS 

What Is Claimed Is: 

1. A system for providing endoluminal delivery of a deliverable device through 

vasculature of a patient to a delivery site within the patient, comprising: 

5 an outer delivery sheath including a distal section, wherein at least a portion of 

the outer delivery sheath is sized for insertion into the vasculature of the patient; 

a carrier segment located at a distal portion of a catheter shaft, the carrier segment 

having an outer surface sized to temporarily hold the deliverable device in the distal 

section of the outer delivery sheath, wherein at least a portion of the catheter shaft is 

10 located within and coaxial to the outer delivery sheath; and 

a delivery segment located coaxial to the outer delivery sheath, the delivery 

segment having an outer surface sized to radially fit within the deliverable device after 

detaching the deliverable device from the carrier segment when the deliverable device 

resides within the distal section of the outer delivery sheath, wherein the delivery 

15 segment is configured to deploy the deliverable device at the delivery site. 

2. The system of Claim 1, wherein at least a portion of the distal section of the outer 

delivery sheath is expandable. 

3. The system of Claim 2, wherein the at least a portion of the distal section of the 

outer delivery sheath comprises one or more electrically activated elements. 

2 0 4. The system of Claim 2, wherein the at least a portion of the distal section of the 

outer delivery sheath comprises one or more piezo-ceramic elements. 

5. The system of Claim 2, wherein the at least a portion of the distal section of the 

outer delivery sheath comprises a passively expandable material that is expandable upon 

application of an outward radial force applied by at least one of the carrier segment and the 

2 5 delivery segment. 

6. The system of Claim 2, wherein the at least a portion of the distal section of the 

outer delivery sheath expands upon application of a tensile force to the at least a portion of the 

distal section. 

7. The system of Claim 1, wherein the distal section includes at least one of an 

3 0 internal projection and a narrowed area extending radially inward from an interior surface of the 

distal section. 

8. The system of Claim 1, wherein a portion of an internal surface of the outer 

delivery sheath further comprises a guide for retaining at least a portion of a longitudinally 

extending element configured to selectively manipulate at least a part of the outer delivery 

3 5 sheath or a structure coaxial to the outer delivery sheath. 
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9. The system of Claim 1, wherein a portion of an internal surface of the outer 

delivery sheath further comprises a guide, the guide comprising at least one of: 

(a) a lumen; and 

(b) a grommet; 

5 wherein the guide retains at least one control line for selective retention of the deliverable 

device. 

10. The system of Claim 1, wherein the carrier segment and the delivery segment are 

both situated upon the catheter shaft. 

11. The system of Claim 1, wherein the carrier segment is situated upon the catheter 

10 shaft, and wherein the delivery segment is associated with a delivery segment shaft that is 

coaxial to the catheter shaft and axially moveable relative to the catheter shaft. 

12. The system of Claim 1, wherein the carrier segment is an expandable balloon 

having an expanded diameter smaller than an expanded diameter for the delivery segment. 

13. The system of Claim 1, wherein the delivery segment is an expandable balloon 

15 having an expanded diameter larger than an expanded diameter for the carrier segment. 

14. The system of Claim 1, wherein at least one of the carrier segment and the 

delivery segment is a mandrel. 

15. The system of Claim 14, wherein the mandrel is expandable by mechanical or 

electromechanical means. 

2 0 16. The system of Claim 14, wherein the mandrel is not expandable. 

17. The system of Claim 1, wherein the delivery segment is located axially proximal 

to the carrier segment. 

18. The system of Claim 1, wherein the delivery segment is located axially distal to 

the carrier segment. 

2 5 19. The system of Claim 1, wherein the delivery segment includes a magnet to aid in 

capture and retention of the deliverable device on the delivery segment. 

20. An assembly for intravascular delivery of a deliverable device to a delivery site 

within a patient, comprising: 

a first catheter including a first catheter shaft; 

3 0 a carrier segment situated along the first catheter shaft, the carrier segment 

configured to receive the deliverable device prior to inserting the first catheter within the 

patient; and 

a delivery segment sequentially positioned in an axial orientation relative to the 

carrier segment, wherein the delivery segment is configured to engage the deliverable 

3 5 device within the patient while the deliverable device is coaxial to at least a portion of 
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the first catheter, and wherein the delivery segment is configured to thereafter deploy the 

deliverable device at the delivery site. 

21. The assembly of Claim 20, wherein the delivery segment is also situated along 

the first catheter. 

5 22. The assembly of Claim 20, wherein the delivery segment is situated along a 

second catheter, the second catheter comprising a coaxial lumen through which passes the first 

catheter. 

23. The assembly of Claim 22, wherein at least one of the first catheter and the 

second catheter comprise a curved distal portion. 

10 24. The assembly of Claim 20, wherein the carrier segment is an expandable balloon. 

25. The assembly of Claim 20, wherein the carrier segment is a mandrel. 

26. The assembly of Claim 25, wherein the mandrel is expandable by mechanical or 

electromechanical means. 

27. The assembly of Claim 25, wherein the mandrel is non-expandable. 

15 28. The assembly of Claim 20, wherein the delivery segment is an expandable 

balloon. 

29. The assembly of Claim 20, wherein the delivery segment is a mandrel. 

30. The assembly of Claim 29, wherein the mandrel is expandable by mechanical or 

electromechanical means. 

2 0 31. The assembly of Claim 29, wherein the mandrel is non-expandable. 

32. The assembly of Claim 20, wherein the delivery segment includes a magnet to 

aid in capture and retention of the deliverable device on the delivery segment. 

33. The assembly of Claim 20, wherein the delivery segment includes an 

electromagnet to aid in capture and retention of the deliverable device on the delivery segment. 

25 

34. A method of delivering a deliverable device through vasculature of a patient to a 

target site within the patient, comprising: 

mounting the deliverable device on a selectively expandable carrier segment 

located along a catheter shaft, wherein at least a portion of the catheter shaft is located 

3 0 within and coaxial to an outer delivery sheath; 

inserting the outer delivery sheath and catheter shaft into the patient; 

moving the outer delivery sheath within the patient to position the selectively 

expandable carrier segment and the deliverable device near the target site; 
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partially expanding the deliverable device using the selectively expandable 

carrier segment while the deliverable device remains at least partially within the outer 

delivery sheath; 

positioning a delivery segment radially within the deliverable device and partially 

5 expanding the delivery segment to facilitate engagement of the delivery segment with the 

deliverable device; 

moving the delivery segment and deliverable device to the target site; and 

deploying the deliverable device at the target site by further expanding the 

delivery segment. 
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