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DEVICE AND METHOD FOR MODIFYING THE 
SHAPE OF A BODY ORGAN 

FIELD OF THE INVENTION 

[0001] The present invention relates to medical devices in 
general, and in particular to devices for supporting internal 
body organs. 

BACKGROUND OF THE INVENTION 

[0002] The mitral valve is a portion of the heart that is 
located betWeen the chambers of the left atrium and the left 
ventricle. When the left ventricle contracts to pump blood 
throughout the body, the mitral valve closes to prevent the 
blood being pumped back into the left atrium. In some 
patients, Whether due to genetic malformation, disease or 
injury, the mitral valve fails to close properly causing a 
condition knoWn as regurgitation, Whereby blood is pumped 
into the atrium upon each contraction of the heart muscle. 
Regurgitation is a serious, often rapidly deteriorating, con 
dition that reduces circulatory efficiency and must be cor 
rected. 

[0003] TWo of the more common techniques for restoring 
the function of a damaged mitral valve are to surgically 
replace the valve With a mechanical valve or to suture a 
?exible ring around the valve to support it. Each of these 
procedures is highly invasive because access to the heart is 
obtained through an opening in the patient’s chest. Patients 
With mitral valve regurgitation are often relatively frail 
thereby increasing the risks associated With such an opera 
tion. 

[0004] One less invasive approach for aiding the closure 
of the mitral valve involves the placement of a support 
structure in the cardiac sinus and vessel that passes adjacent 
the mitral valve. The support structure is designed to push 
the vessel and surrounding tissue against the valve to aid its 
closure. This technique has the advantage over other meth 
ods of mitral valve repair because it can be performed 
percutaneously Without opening the chest Wall. While this 
technique appears promising, some proposed supports 
appear to limit the amount of blood that can flow through the 
coronary sinus and may contribute to the formation of 
thrombosis in the vessel. Therefore, there is a need for a 
tissue support structure that does not inhibit the How of 
blood in the vessel in Which it is placed and reduces the 
likelihood of thrombosis formation. Furthermore, the device 
should be ?exible and securely anchored such that it moves 
With the body and can adapt to changes in the shape of the 
vessel over time. 

SUMMARY OF THE INVENTION 

[0005] The present invention is an intravascular support 
that is designed to change the shape of a body organ that is 
adjacent to a vessel in Which the support is placed. In one 
embodiment of the invention, the support is designed to aid 
the closure of a mitral valve. The support is placed in a 
coronary sinus and vessel that are located adjacent the mitral 
valve and urges the vessel Wall against the valve to aid its 
closure. 

[0006] The intravascular support of the present invention 
includes a proximal and distal anchor and a support Wire or 
reshaper disposed therebetWeen. The proximal and distal 
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anchors circumferentially engage a vessel in Which the 
support is placed. A support Wire is urged against the vessel 
by the proximal and distal anchors to support the tissue 
adjacent the vessel. 

[0007] In one embodiment of the invention, the proximal 
and distal supports are made from a Wire hoop that presents 
a loW metal coverage area to blood flowing Within the 
vessel. The Wire hoops may alloW tissue to groW over the 
anchors to reduce the chance of thrombosis formation. The 
Wire hoops have a ?gure eight con?guration and can expand 
to maintain contact With the vessel Walls if no vessel 
expands or changes shape. 

[0008] In another embodiment of the invention, the proxi 
mal and distal anchors of the intravascular support are 
rotationally offset from each other. Locks on the support 
Wire alloW a physician to ensure that the anchors have been 
successfully deployed and prevent the support Wire from 
collapsing Within a vessel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The foregoing aspects and many of the attendant 
advantages of this invention Will become more readily 
appreciated as the same become better understood by ref 
erence to the folloWing detailed description, When taken in 
conjunction With the accompanying draWings, Wherein: 

[0010] FIG. 1 illustrates an intravascular support for 
changing the shape of an internal body organ in accordance 
With one embodiment of the present invention; 

[0011] FIG. 2 illustrates one method of deploying an 
intravascular support in accordance With the present inven 
tion; 

[0012] FIG. 3 illustrates one embodiment of the intravas 
cular support in accordance With the present invention; 

[0013] FIG. 4 illustrates a distal anchor of the embodi 
ment shoWn in FIG. 3; 

[0014] FIG. 5 illustrates a proximal anchor of the embodi 
ment shoWn in FIG. 3; 

[0015] FIGS. 6A-6C are cross-sectional vieWs of crimp 
tubes for use With one embodiment of the present invention; 

[0016] FIG. 7 illustrates a proximal lock at the proximal 
end of the intravascular support as shoWn in FIG. 3; 

[0017] FIG. 8 illustrates hoW the embodiment of the 
intravascular support shoWn in FIG. 3 is deployed from a 
catheter; 

[0018] FIG. 9 illustrates an intravascular support in accor 
dance With another embodiment of the present invention; 

[0019] FIG. 10 illustrates a distal anchor of the intravas 
cular support shoWn in FIG. 9; 

[0020] FIG. 11 illustrates a proximal anchor of the intra 
vascular support shoWn in FIG. 9; 

[0021] FIG. 12 illustrates yet another embodiment of an 
intravascular support in accordance With the present inven 
tion; 

[0022] FIG. 13 illustrates a distal anchor of the intravas 
cular support shoWn in FIG. 12; 
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[0023] FIG. 14 illustrates a proximal anchor of the intra 
vascular support shown in FIG. 12; 

[0024] FIG. 15 illustrates an anchor and strut according to 
another embodiment of the invention; 

[0025] FIG. 16 illustrates a double loop anchor according 
to another embodiment of the invention; 

[0026] FIG. 17 illustrates a double loop anchor With a 
cross strut according to another embodiment of the inven 
tion; and 

[0027] FIG. 18 illustrates an anchor With torsional springs 
according to another embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0028] As indicated above, the present invention is a 
medical device that supports or changes the shape of tissue 
that is adjacent a vessel in Which the device is placed. The 
present invention can be used in any location in the body 
Where the tissue needing support is located near a vessel in 
Which the device can be deployed. The present invention is 
particularly useful in supporting a mitral valve in an area 
adjacent a coronary sinus and vessel. Therefore, although 
the embodiments of the invention described are designed to 
support a mitral valve, those skilled in the art Will appreciate 
that the invention is not limited to use in supporting a mitral 
valve. 

[0029] FIG. 1 illustrates a mitral valve 20 having a 
number of ?aps 22, 24 and 26 that should overlap and close 
When the ventricle of the heart contracts. As indicated above, 
some hearts may have a mitral valve that fails to close 
properly thereby creating one or more gaps 28 that alloW 
blood to be pumped back into the left atrium each time the 
heart contracts. To add support to the mitral valve such that 
the valve completely closes, an intravascular support 50 is 
placed in a coronary sinus and vessel 60 that passes adjacent 
one side of the mitral valve 20. The intravascular support 50 
has a proximal anchor 52, a distal anchor 54, and a support 
Wire 56 or reshaper extending betWeen the proximal and 
distal anchors. With the anchors 52 and 54 in place, the 
support Wire 56 exerts a force through the coronary sinus 
Wall on the postero-lateral mitral valve 20 thereby closing 
the one or more gaps 28 formed betWeen the valve ?aps. 
With the intravascular support 50 in place, the function of 
the mitral valve is improved. 

[0030] As Will be explained in further detail beloW, each 
of the proximal and distal anchors 52, 54 preferably circum 
ferentially engages the Wall of the vessel 60 in Which it is 
placed. The support Wire 56 is secured to a peripheral edge 
of the proximal and distal anchors such that the support Wire 
is urged by the anchors against the vessel Wall. Therefore, 
the support Wire 56 and anchors 52, 54 present a minimal 
obstruction to blood ?oWing Within the vessel. 

[0031] FIG. 2 shoWs one possible method of delivering 
the intravascular support of the present invention to a 
desired location in a patient’s body. An incision 80 is made 
in the patient’s skin to access a blood vessel. A guide 
catheter 82 is advanced through the patient’s vasculature 
until its distal end is positioned adjacent the desired location 
of the intravascular support. After positioning the guide 
catheter 82, a delivery catheter and advancing mechanism 84 
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are inserted through the guide catheter 82 to deploy the 
intravascular support at the desired location in the patient’s 
body. Further detail regarding one suitable advancing 
mechanism 84 is described in commonly assigned US. 
patent application Ser. No. 10/313,914, ?led Dec. 5, 2002, 
the disclosure of Which is hereby incorporated by reference. 

[0032] FIG. 3 illustrates one embodiment of an intravas 
cular support in accordance With the present invention. The 
intravascular support 100 includes a support Wire 102 hav 
ing a proximal end 104 and a distal end 106. The support 
Wire 102 is made of a biocompatible material such as 
stainless steel or a shape memory material such as nitinol 
Wire. 

[0033] In one embodiment of the invention, the support 
Wire 102 comprises a double length of nitinol Wire that has 
both ends positioned Within a distal crimp tube 108. To form 
the support Wire 102, the Wire extends distally from the 
crimp tube 108 Where it is bent to form a distal stop loop (see 
121 in FIG. 4) having a diameter that is larger than the 
lumens Within the distal crimp tube 108. After forming the 
distal stop loop, the Wire returns proximally through the 
crimp tube 108 toWards the proximal end of the support 100. 
Proximal to the proximal end of the crimp tube 108, is a 
distal lock 110 that is formed by the support Wire bending 
aWay from the longitudinal axis of the support 102 and then 
being bent parallel to the longitudinal axis of the support 
before being bent again toWards the longitudinal axis of the 
support. Therefore, the bends in the support Wire form a half 
110a of the distal lock that is used to secure the distal anchor 
in the manner described beloW. From the distal lock 110, the 
Wire continues proximally through a proximal crimp tube 
112. On exiting the proximal end of the proximal crimp tube 
112, the Wire is bent to form an arroWhead-shaped proximal 
lock 114. The Wire of the support 102 then returns distally 
through the proximal crimp tube 112 to a position just 
proximal to the proximal end of the distal crimp tube 108 
Wherein the Wire is bent to form a second half 110b of the 
distal lock 110. 

[0034] Support Wire 102 has a length that is selected based 
on its intended destination Within a patient’s vessel. For use 
in supporting a mitral valve, the support Wire is preferably 
betWeen one and six inches long and has a curved bend 
betWeen its proximal end 104 and distal end 106 With a 
radius of curvature betWeen 1 and 3 inches and most 
preferably With a radius of curvature of 1.8 inches. In 
addition, the Wire used to form the support Wire 102 is 
?exible enough to move With each heartbeat (thereby chang 
ing the force applied to the mitral valve annulus during the 
heartbeat) and stiff enough to support the mitral valve. In 
one embodiment, the Wire used to form the support Wire 102 
is made of nitinol having a modulus of elasticity of 5-20><106 
psi and a diameter of betWeen 0.0110“ and 0.0150“ and most 
preferably 0.0140“. Other shape memory materials may be 
used for support Wire as Well. 

[0035] At the distal end of the support Wire 102 is a distal 
anchor 120 that is formed of a ?exible Wire such as nitinol 
or some other shape memory material. As is best shoWn in 
FIGS. 3 and 4, the Wire forming the distal anchor has one 
end positioned Within the distal crimp tube 108. After exiting 
the distal end of the crimp tube 108, the Wire forms a ?gure 
eight con?guration Whereby it bends upWard and radially 
outWard from the longitudinal axis of the crimp tube 108. 
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The Wire then bends back proximally and crosses the 
longitudinal axis of the crimp tube 108 to form one leg of the 
?gure eight. The Wire is then bent to form a double loop 
eyelet or loop 122 around the longitudinal axis of the support 
Wire 102 before extending radially outWards and distally 
back over the longitudinal axis of the crimp tube 108 to form 
the other leg of the ?gure eight. Finally, the Wire is bent 
proximally into the distal end of the crimp tube 108 to 
complete the distal anchor 120. 

[0036] The distal anchor is expanded by sliding the double 
eyelet 122 of the distal anchor from a position that is 
proximal to the distal lock 110 on the support Wire to a 
position that is distal to the distal lock 110. The bent-out 
portions 110a and 110b of support Wire 110 are spaced Wider 
than the Width of double eyelet 122 and provide camming 
surfaces for the locking action. Distal movement of eyelet 
122 pushes these camming surfaces inWard to permit eyelet 
122 to pass distally of the lock 110, then return to their 
original spacing to keep eyelet 122 in the locked position. 

[0037] The dimensions of the distal anchor are selected so 
that the diameter of the distal anchor in a plane perpendicu 
lar to the axis of the lumen in Which the anchor is deployed 
is preferably betWeen 100% and 300%, most preferably 
betWeen 130% and 200%, of the diameter of the lumen prior 
to deployment. When treating mitral valve regurgitation by 
placement of the device in the coronary sinus, the diameter 
of the coronary sinus may expand over time after deploy 
ment. OversiZing the anchor combined With the inherent 
deformability and recoverability properties of the anchor 
material (particularly nitinol or some other shape memory 
material) enables the anchor to continue to expand from its 
initial deployment siZe as the lumen distends and expands 
over time. 

[0038] Upon expansion, the distal anchor circumferen 
tially engages the vessel Wall With a radially outWardly 
directed force that is distributed unequally around the cir 
cumference of the anchor by distending the vessel Wall in 
variable amounts along the axial length of the anchor. The 
unequal distribution of force helps the anchor contact the 
lumen Wall securely by creating bumps and ridges that are 
not parallel to the central axis of the lumen. In its expanded 
con?guration the distal anchor’s diameter is at least 50% 
500% and most preferably 100%-300% of the anchor’s 
diameter in the unexpanded con?guration. The open cross 
sectional area of the lumen through the anchor is at least 
50% and most preferably 80%-100% of the lumen cross 
sectional area prior to redeployment of the anchor. 

[0039] In addition, the metal coverage of the anchor, as 
de?ned by the percentage of the lumen surface area through 
Which the anchor extends that is exposed to a metal surface, 
is betWeen 5% and 30% and most preferably 10%. The Wire 
used to form the distal anchor 120 is preferably nitinol 
having a diameter of betWeen 0.0110“ and 0.0150“ and most 
preferably 0.0140 inches. Other shape memory materials 
may be used as Well. 

[0040] During insertion, a physician can tactilely feel 
When the eyelet 122 has been slid over the distal lock 110 in 
order to determine When the distal anchor has been set 
Within a vessel lumen. In addition, if the anchor is mis 
placed, it can be collapsed by pulling the eyelet 122 proxi 
mally over the distal lock 110 and repositioning the anchor 
in the unexpanded con?guration. The force required to 
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capture the distal anchor is preferably less than 20 lbs. and 
more preferably less than 10 lbs. 

[0041] FIG. 4 also illustrates hoW the crimp tube 108 is 
held in place betWeen the distal lock 110 on the proximal 
side and the stop loop 121 at the distal end of the support 
Wire 102. The Wires of the distal anchor 120 exit the distal 
end of the crimp tube 108 at an angle of approximately 45 
degrees before looping back over the length of the distal 
crimp tube 108. Therefore, the distal end of the anchor is 
relatively atraumatic to avoid damage to a vessel during 
placement. 

[0042] At the proximal end of the intravascular support is 
a proximal anchor 140 that is preferably formed of a 
biocompatible, elastic Wire such as stainless steel or a shape 
memory material such as nitinol. As is best shoWn in FIGS. 
3 and 5, the proximal anchor 140 in one embodiment is 
made of a single length of Wire having a ?rst end positioned 
Within a proximal crimp tube 112. The Wire extends distally 
from the crimp tube 112 and bends radially outWard and 
aWay from the longitudinal axis of the crimp tube 112 before 
being bent proximally and crossing the longitudinal axis of 
the crimp tube 112 in order to form a ?rst leg of a ?gure eight 
con?guration. The Wire then is bent to form a double eyelet 
or loop 142 around the longitudinal axis of the support Wire 
102 Wherein the eyelet 142 has a diameter that alloWs it to 
be forced over the proximal lock 114. After forming the 
eyelet 142, the Wire extends outWardly and aWay from the 
longitudinal axis of the crimp tube 112 before being bent 
distally over and across the longitudinal axis of the crimp 
tube 112 to form the second leg of a ?gure eight. Finally, the 
Wire is bent proximally and extends into the distal end of the 
crimp tube 112. 

[0043] Like the distal anchor, the proximal anchor is 
expanded and locked by sliding the double eyelet 142 of the 
proximal anchor from a position that is proximal to the 
proximal lock 114 on the support Wire to a position that is 
distal to the proximal lock 114. As can be seen in FIG. 7, the 
proximal lock 114 has an “arroWhead” shape Whereby the 
proximal end of the lock is bent aWay from the longitudinal 
axis of the support Wire at an angle that is less steep than the 
distal end of the proximal lock. The less steep section makes 
it easier to advance the eyelet 142 over the lock in the distal 
direction than to retrieve the eyelet 142 over the proximal 
lock 114 in the proximal direction. Distal movement of 
eyelet 142 cams the less steep proximal surfaces inWard to 
permit eyelet 142 to pass distally of the lock 114, then return 
to their original spacing to keep eyelet 142 in the locked 
position. 

[0044] As can be seen by comparing the proximal anchor 
140 With the distal anchor 120 in FIG. 3, the proximal 
anchor has a larger radius of curvature because it is designed 
to ?t Within a larger diameter portion of the coronary sinus. 
The dimensions of the proximal anchor are selected so that 
the diameter of the proximal anchor in a plane perpendicular 
to the axis of the lumen in Which the anchor is deployed is 
preferably betWeen 100% and 300%, most preferably 
betWeen 130% and 200%, of the diameter of the lumen prior 
to deployment. As With the distal anchor, oversiZing the 
proximal anchor combined With the inherent deformability 
and recoverability properties of the anchor material (par 
ticularly nitinol or some other shape memory material) 
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enables the anchor to continue to expand from its initial 
deployment siZe as the lumen distends and expands over 
time. 

[0045] Upon expansion, the proximal anchor circumfer 
entially engages the vessel Wall With a radially outWardly 
directed force that is distributed unequally around the cir 
cumference of the anchor by distending the vessel Wall in 
variable amounts along the axial length of the anchor. As 
With the distal anchor, the unequal distribution of force helps 
the proximal anchor contact the lumen Wall securely by 
creating bumps and ridges that are not parallel to the central 
axis of the lumen. In its expanded con?guration the proximal 
anchor’s diameter is at least 50%-500% and most preferably 
100%-300% of the anchor’s diameter in the unexpanded 
con?guration. The open cross-sectional area of the lumen 
through the anchor is at least 50% and most preferably 
80%-100% of the lumen cross sectional area prior to rede 
ployment of the anchor. 

[0046] In one embodiment of the invention, the proximal 
and distal anchors are oriented such that the planes of the 
anchors are offset With respect to each other by an angle of 
approximately 30 degrees. The offset helps the intravascular 
support 100 seat itself in the coronary sinus and vessel 
surrounding the mitral valve in certain mammals. HoWever, 
it Will be appreciated that if the support is designed for other 
uses, the proximal and distal anchors may be offset by more 
or less depending upon the anatomy of the intended desti 
nation. 

[0047] FIGS. 6A-6C illustrate cross-sectional vieWs of 
the crimp tubes in Which the Wires that form the support Wire 
102 and proximal and distal anchors 120, 140 are threaded. 
In one embodiment, the crimp tubes comprise a biocompat 
ible material such as titanium having a number of holes 
extending longitudinally through the tube through Which the 
Wires are threaded. In FIG. 6A, a tube 150 has four holes 
152, 154, 156, 158 positioned in approximately a square 
con?guration Within the circumference of the tube 150. As 
shoWn in FIG. 6B, a tube 160 includes four holes 162, 164, 
166, 168 therein that are positioned in a diamond con?gu 
ration. FIG. 6C shoWs another tube 170 having four holes 
172, 174, 176, 178. Here the holes 172, 174 lie in a ?rst 
plane and the second pair of holes 176, 178 lie in a second 
plane that is offset from the plane of the holes 172, 174. By 
changing the orientation of the holes 176, 178 With respect 
to the holes 172, 174, the relative plane of Wires passing 
through the holes can be adjusted. Thus in the example 
shoWn in FIG. 3, the proximal anchor may be formed With 
a crimp tube such as that shoWn in FIG. 6A or FIG. 6B 
While the proximal anchor may be formed in a crimp tube 
such as that shoWn in FIG. 6C in order to adjust the angular 
orientation betWeen the proximal anchor and the distal 
anchor. In an alternative embodiment, the crimp tubes at the 
proximal and distal ends of the support Wire 102 are the 
same and the angular offset betWeen the proximal and distal 
anchor is achieved by bending the Wires at the desired angle. 
Although the crimp tubes shoWn use one hole for each Wire 
passing through the crimp tube, it Will be appreciated that 
other con?gurations may be provided such as slots or other 
passages for the Wires to pass through. 

[0048] In another embodiment, the distal and proximal 
anchors are attached to the support Wire by a Wire, such as 
nitinol Wire or other shape memory material. The attaching 
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Wire may be spiral Wrapped around the base of each anchor 
and around the support Wire. In another embodiment, each 
anchor may be attached to the support Wire by Wrapping the 
anchor Wire around the support Wire. In yet another embodi 
ment, the tWo anchors and the support Wire may be made 
from a single Wire, such as nitinol Wire or other shape 
memory material. 

[0049] FIG. 8 illustrates one method for delivering an 
intravascular support 100 in accordance With the present 
invention to a desired location in the body. As indicated 
above, intravascular support 100 is preferably loaded into 
and routed to a desired location Within a catheter 200 With 
the proximal and distal anchors in a collapsed or deformed 
condition. That is, the eyelet 122 of the distal anchor 120 is 
positioned proximally of the distal lock 110 and the eyelet 
142 of the proximal anchor 140 is positioned proximal to the 
proximal lock 114. The physician ejects the distal end of the 
intravascular support from the catheter 200 into the lumen 
by advancing the intravascular support or retracting the 
catheter or a combination thereof. A pusher (not shoWn) 
provides distal movement of the intravascular support With 
respect to catheter 200, and a tether 201 provides proximal 
movement of the intravascular support With respect to 
catheter 200. Because of the inherent recoverability of the 
material from Which it is formed, the distal anchor begins to 
expand as soon as it is outside the catheter. Once the 
intravascular support is properly positioned, the eyelet 122 
of the distal anchor is pushed distally over the distal lock 110 
so that the distal anchor 120 further expands and locks in 
place to securely engage the lumen Wall and remains in the 
expanded condition. Next, the proximal end of the support 
Wire 102 is tensioned by applying a proximally-directed 
force on the support Wire and distal anchor to apply suf? 
cient pressure on the tissue adjacent the support Wire to 
modify the shape of that tissue. In the case of the mitral 
valve, ?uoroscopy, ultrasound or other imaging technology 
may be used to see When the support Wire supplies suf?cient 
pressure on the mitral valve to aid in its complete closure 
With each ventricular contraction Without otherWise 
adversely affecting the patient. Apreferred method of assess 
ing ef?cacy and safety during a mitral valve procedure is 
disclosed in copending US. patent application Ser. No. 
10/366,585, ?led Feb. 12, 2003, and titled “Method of 
Implanting a Mitral Valve Therapy Device,” the disclosure 
of Which is incorporated herein by reference. Once the 
proper pressure of the support Wire has been determined, the 
proximal anchor is deployed from the catheter and alloWed 
to begin its expansion. The eyelet 142 of the proximal 
anchor 140 is advanced distally over the proximal lock 114 
to expand and lock the proximal anchor, thereby securely 
engaging the lumen Wall and maintaining the pressure of the 
support Wire against the lumen Wall. Finally, the mechanism 
for securing the proximal end of the intravascular support 
can be released. In one embodiment, the securement is made 
With a braided loop 202 at the end of tether 201 and a hitch 
pin 204. The hitch pin 204 is WithdraWn thereby releasing 
the loop 202 so it can be pulled through the proximal lock 
114 at the proximal end of the intravascular support 100. 

[0050] In many contexts, it is important for the device to 
occupy as little of the lumen as possible. For example, When 
using the device and method of this invention to treat mitral 
valve regurgitation, the device should be as open as possible 
to blood How in the coronary sinus (and to the introduction 
of other medical devices, such as pacing leads) While still 








