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(57) ABSTRACT 

A medical device for treating a heart having a faulty heart 
valve is disclosed. The medical device comprises a ligature 
including a ?rst anchoring member and a second anchoring 
member is used. The ligature is percutaneously deployable 
into a patient With a faulty heart valve Wherein the ?rst 
anchoring member to anchor to a ?rst tissue area of the heart 
and the second anchoring member to anchor to a second 
tissue area of the heart. 
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APPARATUSES AND METHODS FOR HEART 
VALVE REPAIR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention involves a medical device 
that is used for treating a defective heart valve. 

[0003] 2. Discussion of Related Art 

[0004] FIG. 1A illustrates a heart 10. There are four 
valves in the heart 10 that serve to direct the ?oW of blood 
through the tWo sides of the heart 10 in a forWard direction. 
The four valves are a mitral valve 20, an aortic valve 18, a 
tricuspid valve 60, and a pulmonary valve 62 as illustrated 
in FIG. 1A. The mitral valve 20 is located betWeen the left 
atrium 12 and the left ventricle 14. The aortic valve 18 is 
located betWeen the left ventricle 14 and the aorta 16. These 
tWo valves direct oxygenated blood coming from the lungs, 
through the left side of the heart, into the aorta 16 for 
distribution to the body. The tricuspid valve 60 is located 
betWeen the right atrium 22 and the right ventricle 24. The 
pulmonary valve 62 is located betWeen the right ventricle 24 
and the pulmonary artery 26. These tWo valves direct 
de-oxygenated blood coming from the body, through the 
right side of the heart, into the pulmonary artery 26 for 
distribution to the lungs, Where it again becomes re-oxy 
genated and distributed to the mitral valve 20 and the aortic 
valve 18. All of the heart valves are complex structures. 
Each valve consists of moveable “lea?ets” that are designed 
to open and close. The mitral valve has tWo lea?ets and the 
tricuspid valve has three. The aortic and pulmonary valves 
have lea?ets that are more aptly termed “cusps” and are 
shaped someWhat like a half-moon. The aortic and pulmo 
nary valves each have three cusps. 

[0005] Blood ?oWs into the left ventricle 14 through the 
mitral valve 20 opens during diastole. Once the left ven 
tricular cavity has ?lled, the left ventricle 14 contracts 
during systole. The mitral valve 20 closes (the lea?ets of the 
mitral valve 20 re-approximate) While the aortic valve 18 
opens during systole alloWing the oxygenated blood to be 
ejected from the left ventricle 14 into the aorta 16. Anormal 
mitral valve alloWs blood to ?oW into the left ventricle and 
does not alloW leaking or regurgitating back into the left 
atrium and then into the lungs. The aortic valve alloWs blood 
to ?oW into the aorta and does not alloW leaking (or 
regurgitating) back into the left ventricle. The tricuspid 
valve 60 functions similarly to the mitral valve to alloW 
deoxygenated blood to ?oW into the right ventricle 24. The 
pulmonary valve 62 functions in the same manner as the 
aortic valve 18 in response to relaxation and contraction of 
the right ventricle 24 in moving de-oxygenated blood into 
the pulmonary artery and thence to the lungs for re-oxygen 
ation. 

[0006] With relaxation and expansion of the ventricles 
(diastole), the mitral and tricuspid valves open, While the 
aortic and pulmonary valves close. When the ventricles 
contract (systole), the mitral and tricuspid valves close and 
the aortic and pulmonary valves open. In this manner, blood 
is propelled through both sides of the heart. 

[0007] The anatomy of the heart and the structure and 
terminology of heart valves are described and illustrated in 
detail in numerous reference Works on anatomy and cardiac 
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surgery, including standard texts such as Surgery of the 
Chest (Sabiston and Spencer, eds., Saunders Publ., Phila 
delphia) and Cardiac Surgery by Kirklin and Barrett-Boyes. 

[0008] Regurgitation is a condition When lea?ets of a heart 
valve do not completely close causing back?oW of blood. 
For instance, in a condition typically called mitral valve 
prolapse, the lea?ets of the mitral valve do not close 
properly and thus, there is back?oW, or regurgitation, of 
blood into the left atrium and then into lungs. The heart then 
has to Work harder to pump enough blood for the body, 
Which can lead to heart damage. Regurgitation is common, 
and is occurring in about 7% of the population. Mitral valve 
regurgitation is caused by a number of conditions, including 
genetic defects, infections, coronary artery disease (CAD), 
myocardial infarction (MI) or congestive heart failure 
(CHF). Most cases are mild and if the symptoms are 
bothersome, they can usually be controlled With drugs. 

[0009] In more serious cases, the faulty or defective valve 
can be repaired With a surgical procedure such as an annu 
loplasty. As illustrated in FIG. 1B, an annuloplasty 30 is a 
surgical procedure in Which a synthetic ring 32 is placed 
around the valve rim (annulus) 34. Sutures 38 are put into 
the valve annulus 34 and the synthetic ring 32. This causes 
proper closing by shrinking the siZe of the valve opening 36. 
FIG. 1C illustrates another surgical procedure in Which a 
heart valve such as the mitral valve 20 is repaired by 
reconstruction. First, at step A, a section P2 from the 
posterior lea?et 40 of the mitral valve 20 is excised. Then, 
sequentially at steps B, C, D, and E, sections P1 and P3 of 
the posterior lea?et 40 are sutured together. The reconstruc 
tion shrinks the siZe of the valve opening 36. In some 
instances, a faulty or defective valve must be surgically 
replaced With a neW valve. Examples of neW valves include 
homograft valves (valves harvested from human cadavers), 
arti?cial mitral valves, and mechanical valves. 

[0010] All of the procedures above are typically major 
surgical procedures that require the opening of the chest by 
sternotomy or at best through small incisions in the chest 
Wall, heart lung bypass and stopping the heart beat. These 
procedures are extremely invasive subjecting patients to a 
lot of pain and discomfort and these procedures require long 
recovery time and hospitaliZation time. In some instances, 
some patients may not tolerate surgery, for example, due to 
them having congestive heart failures. Thus, having alter 
native procedures as options to surgery is helpful. 

SUMMARY OF THE INVENTION 

[0011] The present invention discloses apparatuses and 
methods for treating a defective heart valve. 

[0012] In one exemplary embodiment of the present 
invention, a medical device comprises a ligature, including 
a ?rst anchoring member and a second anchoring member. 
The ligature is used to treat a hear having a faulty heart valve 
(e.g., a faulty mitral valve). The ligature is percutaneously 
deployable into a patient With a faulty heart valve, Wherein 
the ?rst anchoring member anchors to a ?rst tissue area of 
the faulty heart valve and the second anchoring member 
anchors to a second tissue area of the faulty heart valve. The 
ligature constricts or reduces the siZe of the faulty heart 
valve. 

[0013] In another exemplary embodiment of the present 
invention, a medical device comprises a delivery shaft 
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having a delivery lumen, a proximal end, and a distal end. 
A?rst deployment shaft, extending from the proximal end to 
the distal end, is disposed Within the delivery lumen. A 
second deployment shaft, extending from the proximal end 
to the distal end, is disposed Within the delivery lumen. A 
ligature is releasably coupled to the delivery shaft. The 
ligature includes a ?rst anchoring member and a second 
anchoring member. The delivery shaft deploys the ligature 
into a patient, Wherein the ?rst deployment shaft deploys the 
?rst anchoring member to a ?rst tissue area of the patient, 
and the second deployment shaft deploys the second anchor 
ing member to a second tissue area of the patient. 

[0014] In another exemplary embodiment of the present 
invention, a method of constricting a heart valve of a patient 
comprises providing a medical device comprising a delivery 
shaft having a delivery lumen, a proximal end, and a distal 
end. The delivery shaft comprises a ?rst deployment shaft 
and a second deployment shaft disposed Within the delivery 
lumen. A ligature including a ?rst anchoring member and a 
second anchoring member is releasably coupled to the 
delivery shaft Wherein the ?rst anchoring member is releas 
ably coupled to the ?rst deployment shaft and the second 
anchoring member is releasably coupled to the second 
deployment shaft. The method further comprises deploying 
the ligature into the patient Wherein the ?rst deployment 
shaft deploys the ?rst anchoring member to a ?rst tissue area 
around the heart valve, and the second deployment shaft 
deploys the second anchoring member to a second tissue 
area of the heart valve. Once deployed, the ligature anchors 
the ?rst anchoring member to the ?rst tissue area and the 
second anchoring member to the second tissue area. 

[0015] In another exemplary embodiment of the present 
invention, a method of constricting a heart valve of a patient 
comprises providing a medical device comprising a delivery 
shaft having a delivery lumen, a proximal end, and a distal 
end. The delivery shaft comprises a ?rst deployment shaft 
and a second deployment shaft disposed Within the delivery 
lumen. The method further comprises coupling a ?rst liga 
ture to the delivery shaft and deploying the ?rst ligature to 
a heart valve area of the patient and coupling a second 
ligature to the delivery shaft and deploying the second 
ligature to the heart valve area of the patient. Each of the 
ligatures includes a ?rst anchoring member and a second 
anchoring member Wherein the ?rst anchoring member is 
releasably coupled to the ?rst deployment shaft and the 
second anchoring member is releasably coupled to the 
second deployment shaft. The ?rst deployment shaft deploys 
the ?rst anchoring member to anchor the ?rst anchoring 
member to the heart valve area to constrict the heart valve. 
The second deployment shaft deploys the second anchoring 
member to anchor the second anchoring member to the heart 
valve area to constrict the heart valve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The present invention is illustrated by Way of 
example and not limitation in the ?gures of the accompa 
nying draWings, in Which like references indicate similar 
elements and in Which: 

[0017] FIG. 1A is an illustration of a heart; 

[0018] FIG. 1B is an illustration of an annuloplasty pro 
cedure to constrict a defective valve; 
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[0019] FIG. 1C is an illustration of a reconstruction 
procedure to reduce the siZe of a defective valve; 

[0020] FIG. 2A is an illustration of an exemplary embodi 
ment of a ligature in accordance With the present invention; 

[0021] FIG. 2B is an illustration of another exemplary 
embodiment of a ligature in accordance With the present 
invention; 
[0022] FIG. 3 is an illustration of another exemplary 
embodiment of a ligature in accordance With the present 
invention; 
[0023] FIG. 4 is an illustration of an exemplary embodi 
ment of tWo ligatures being placed across a mitral valve in 
a parallel pattern to constrict the mitral valve in accordance 
With the present invention; 

[0024] FIG. 5 is an illustration of another exemplary 
embodiment of tWo ligatures being placed across a mitral 
valve in an intersecting pattern to constrict the mitral valve 
in accordance With the present invention; 

[0025] FIG. 6 is an illustration of an exemplary embodi 
ment of a medical device that includes a delivery device 
Which is used to percutaneously deploy a ligature into a 
patient to constrict a heart valve; 

[0026] FIG. 7 is an illustration of a distal end of the 
medical device shoWn in FIG. 6 having a ligature disposed 
therein; 

[0027] FIG. 8 is an illustration of a mid-section of the 
medical device shoWn in FIG. 6; 

[0028] FIGS. 9-10 are illustrations of a perspective vieW 
of the medical device shoWn in FIG. 6 Wherein a ligature is 
being deployed from the delivery shaft; 

[0029] FIGS. 11A-11B illustrate another exemplary 
embodiment of a medical device that includes a delivery 
device Which is used to percutaneously deploy a ligature into 
a patient to constrict a heart valve; 

[0030] FIG. 12A is an illustration of an exemplary 
embodiment of a deployment shaft that can be used to 
deploy a ligature made in accordance With the present 
invention; 

[0031] FIG. 12B is an illustration of an exemplary 
embodiment of the deployment shaft shoWn in FIG. 12A 
being disposed Within a deployment lumen of a delivery 
device; 

[0032] FIG. 12C is an illustration of an exemplary 
embodiment of a ligature With helix ends as anchoring 
members made in accordance With the present invention; 

[0033] FIG. 12D is an illustration of an exemplary 
embodiment of the ligature shoWn in FIG. 12C being 
disposed Within the deployment shaft shoWn in FIG. 12B; 

[0034] FIG. 12E is an illustration of an exemplary 
embodiment of the ligature shoWn in FIG. 12C being 
disposed Within the deployment shaft shoWn in FIG. 12B 
Which is disposed Within a deployment lumen of a delivery 
device; 
[0035] FIGS. 12F-12G are illustrations of a distal end of 
the medical device shoWn in FIG. 6 With a ligature having 
helix ends as anchoring members; 
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[0036] FIGS. 13A-13H are illustrations of an exemplary 
embodiment of a method to deploy a ligature or ligatures in 
accordance With the present invention; 

[0037] FIG. 14A is an illustration of an exemplary 
embodiment Where a medical device made in accordance 
With the present invention can be inserted percutaneously 
into a patient to deploy a ligature to a heart valve area; 

[0038] FIG. 14B is an illustration of another exemplary 
embodiment Where a medical device made in accordance 
With the present invention can be inserted percutaneously 
into a patient to deploy a ligature to a heart valve area; 

[0039] FIG. 14C is an illustration of an exemplary 
embodiment Where a medical device made in accordance 
With the present invention can be inserted percutaneously 
into a patient to deploy a ligature to a ventricle area; 

[0040] FIGS. 15A-15D are illustrations of an exemplary 
embodiment Where a medical device made in accordance 
With the present invention can be inserted percutaneously 
into a coronary sinus; and 

[0041] FIG. 16 is an illustration of an exemplary method 
of treating heart valve using medical devices made in 
according With the present invention. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

[0042] The present invention pertains to novel medical 
devices and methods of using these medical devices to treat 
defective or faulty heart valves. In the folloWing description, 
for purposes of explanation, numerous speci?c details are 
set forth in order to provide a thorough understanding of the 
present invention. It Will be evident, hoWever, to one skilled 
in the art, that the present invention may be practiced 
Without these speci?c details. In other instances, speci?c 
apparatus structures and methods have not been described so 
as not to obscure the present invention. The folloWing 
description and draWings are illustrative of the invention and 
are not to be construed as limiting the invention. 

[0043] FIG. 2A illustrates an exemplary embodiment of a 
medical device that comprises a ligature 100. The ligature 
100 can be a strap, string, cord, Wire, bond, thread, suture, 
or other connector. The ligature 100 includes a ?rst anchor 
ing member 102A and a second anchoring member 102B. 
The ligature 100 serves to link together the ?rst anchoring 
member 102A and the second anchoring member 102B. The 
ligature 100 can be percutaneously deployed into a patient 
With a faulty heart valve. By percutaneous deployment, the 
ligature 100 is deployed through blood vessels, veins, or 
arteries into a patient. In one embodiment, the ligature 100 
is deployed through the blood vessels, veins, or arteries and 
into the heart area of a patient. The ?rst anchoring member 
102A and the second anchoring member 102B are then 
attached or anchored to a cardiac tissue (e.g., tissue around 
the heart valve). In one embodiment, the ?rst anchoring 
member 102A and the second anchoring member 102B are 
not attached or anchored to a blood vessel, vein, or artery, 
and only attached or anchored to a cardiac tissue. 

[0044] A faulty heart valve includes a heart valve that Will 
not properly close causing back?oW or regurgitation of 
blood. Such a faulty heart valve can be seen in a patient With 
a condition called regurgitation. In treating the faulty heart 
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valve, the ?rst anchoring member 102A anchors to a ?rst 
tissue area of the faulty heart valve and the second anchoring 
member 102B anchors to a second tissue area of the faulty 
heart valve. The ligature 100 has a length that is suf?cient to 
constrict or reduce the siZe of the heart valve once the 
anchoring members 102A and 102B are anchored into the 
tissue areas of the heart valve. Examples of a heart valve that 
can be treated With the ligature 100 include a mitral valve, 
an aortic valve, a tricuspid valve, and a pulmonary valve. 

[0045] Although the ligature 100 is discussed in relation to 
treating a faulty heart valve, the ligature 100 may be used to 
treat other areas of a patient. For example, the ligature 100 
can be used in ventricular remodeling to constrict, reshape, 
or reduce, the siZe of a left ventricle that has been enlarged 
due to some heart conditions. Alternatively, the ligature 100 
can be used to close a vein or an artery of a patient. 

[0046] The ligature 100 can be ?exible or rigid. In one 
embodiment, the ligature 100 is made out of an elastic/ 
resilient material, an elastomeric material, or a superelastic 
material. In one embodiment, the ligature 100 is made out of 
a superelastic nickel titanium, Nitinol, or stainless steel. In 
another embodiment, the ligature 100 is made out of a suture 
material suitable for suturing a tissue of a patient. The 
ligature 100 can be made out of existing suture materials 
such as polymers like PTFE, Polyethylene or similar poly 
mers, and resorbable polymers. The ligature 100 can also be 
made out of an allograph material such as treated porcine, 
bovine or human tissue. 

[0047] In one embodiment, a delivery device, described 
beloW, is used to deploy the ligature 100 to a heart to treat 
a faulty heart valve. Such a delivery device is able to attach 
the tWo anchoring members 102A and 102B of the ligature 
100 to tWo different attachment sites (e.g., cardiac tissues or 
tissue areas Within or proximate the heart). The anchoring 
member 102A is attached to one attachment site and the 
anchoring member 102B is attached to the other attachment 
site. During the attachment step, the ligature 100 may be 
stretched so as to reach both attachment sites. In some cases, 
the ligature 100 does not need to be stretchable for the 
anchoring members 102A and 102B of the ligature 100 to 
anchor into the tWo different attachment sites. After the 
attachment step, the ligature 100 is able to constrict or 
reduce the siZe of the heart valve. In the embodiment Where 
the ligature 100 is ?exible, the ligature 100 is stretched 
during the attachment step and is returned to its unstretched 
length after the attachment step thus, constricting (or reduc 
ing) the siZe of the heart valve. In the embodiment Where the 
ligature 100 is rigid, the length of the ligature 100 is smaller 
than the siZe or the diameter of the heart valve thus, after the 
attachment step, the valve can be constricted or reduced. 

[0048] In one embodiment, multiple ligatures 100 are 
placed across the faulty heart valve annulus to reshape or 
reduce the circumference or perimeter of the heart valve 
annulus. The ligature 100 may have cross section siZe that is 
suf?ciently small to not signi?cantly impede the ?oW of 
blood (or other ?uid) through the heart valve or produce 
thrombus. The ligature 100 may be of a dimension that is 
similar to surgical sutures knoWn in the ?eld. The ligature 
100 may have a cross section siZe betWeen 0.001 mm and 
5.0 mm. The ligature 100 may have a length betWeen 10 mm 
and 600 mm. The ligature 100 may have an unstretched 
length betWeen 10 mm and 600 mm that can be stretched to 


















